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AUTHOR'S PREFACE. 



About twenty years ago, when the author 
first commenced to make a practical application 
o£ hydraulic formulas, he was unable to find 
one for calculating the loss of head due to the 
friction of water flowing in pipes, that he had 
not heard criticised more or less imf avorably 
by hydraulic engineers. 

This unsatisfactory state of affairs led him to 
commence to make special investigations upon 
the subject, and to collect original data of an 
experimental nature relating to the same, in 
order to prove to his own satisfaction, if 
possible, if any of the formulas that he was 
familiar with, were rehable for general use, 
and, if not, to endeavor to construct one. 

The data of five hundred and twenty ex- 
periments, that had been made by twenty-six 
different investigators, were obtained. 

A careful study of these experimental data con- 
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vinced the author that the same fommla would 
not apply to all cases, and that in order to make 
an inteUigent investigation, it woidd be necessary 
to divide the data into the three following classes, 
viz., that which had been obtained with pipes hav- 
ing very smooth interior sides similar to lead and 
brass pipes, that which had been obtained with 
pipes having interior sides similar to new cast- 
iron pipes, and that which had been obtained 
with pipes having interior sides similar to old 
cast-iron pipes whose interior sides had become 
roughened by oxidation. 

The result of this division, was the construc- 
tion by the author of a new formula* for the 
flow of water in pipes having very smooth 
interior sides similar to lead and brass pipes, 
and his coming to the conclusion that two 
formulas* constructed by an eminent French 
Civil Engineer, the late Henry Darcy, were 
very well adapted for pipes having interior 
sides similar to new cast-iron pipes. 

The formula for smooth pipes by the author, 

* TraosactioiiB Am. Society C$ivU Engineers, Vol. XXII,. 1890, 
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which was used in computing Table No. 1, was 
constructed from the results of two hundred 
and thirty-eight experiments, that were made 
with twenty-seven different pipes, having very- 
smooth interior sides, ranging from one-half 
inch to three and one-fourth inch in diameter. 

The foiynulas for new cast-iron pipes, etc., by 
Darcy, which were used in computing Table No. 
2, were verified by the author by comparing 
them with the results of one hundred and forty- 
eight experiments that were made with twenty- 
five different pipes, having interior sides similar 
to new cast-iron pipes, ranging from three and 
one-quarter inch to ninety inch in diameter. 

A general formula was not discovered which 
would satisfactorily apply to old cast-iron pipes 
having interior sides that had become roughened 
by oxidation and it was not possible to con- 
struct one from the limited data at hand. The 
author has, however, given in Table No. 2, a 
series of multipliers which can be used, for 
preliminary work, in connection with the table, 
for very approximately estimating the increase 
in the loss of head due to friction which may 
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take place in pipes that have been in service 
five or more years. These multipliers have 
been recently computed by a modification of 
one o£ Darc/s formulas for new pipes by the 
author, in which a formula by Darcy for old 
pipes and the results of a number of experi- 
ments made with pipes that had been in service 
from about two to about seventeen years were 
taken into consideration. 

Darcy's formulas for new pipes are safe and 
reUable formulas for determining the size of 
water mains. It is the opinion of some engineers, 
that they represent more accurately the flow of 
water in pipes that have been in service a short 
time than they do the flow of water in absolutely 
new and clean pipes. 

The only criticism of moment, which is likely 
to be made in regard to an engineer who uses 
Darcy's formulas for new pipes, for determining 
the size of supply and distribution pipes, is, 
that his estimates of cost are too high. A 
criticism of this kind, however, generally helps 
the reputation of an engineer, as it is apt to give 
the impression that he is a safe man. The 



engineer, on the contrary, who tries to figure 
out the size o£ a pipe to the lowest possible 
limit on account of first cost, if the pipe does 
not come up to the capacity for which it was 
intended, is very likely to be blamed for having 
made a mistake, and his well meant intentions 
relative to first cost, are, in the majority of 
cases, ridiculed instead of being praised. 

A first edition of each of the tables, which 
were arranged and computed under the personal 
direction of the author, was first published as 
an appendix to an Annual Report of the City 
Engineer of Providence, R. I. j viz.. Table No. 
1, in 1890, and Table No. 2, in 1888. The 
tables were reprinted in 1892, by permission, by 
the Massachusetts Institute of Technology for 
the use of its Students in Civil Engineering. 

The tables have been revised and enlarged by 
the author since the above mentioned editions 
were published, and this edition contains the 
tables as revised and enlarged. 

Edmund B. Weston. 
Provtoence, R. L, Apnl, 1896. 
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TABLE No. 1, 

SHOWING THE LOSS OP HEAD DUE TO THE FRIC- 
TION OP WATER IN PIPES HAVING VERY 
SMOOTH INTERIOR SIDES SIMILAR TO 
LEAD AND BRASS PIPES. 

This table shows the Loss of Head due to the 
Friction of Water flowing in Pipes having very- 
Smooth Interior Sides similar to Lead and Brass 
Pipes, imder different conditions of Velocity 
and Discharge, or the Inclination neecessary to 
maintain the given Velocity and Discharge. 
The table also gives the Head required to pro- 
duce the given Velocity, and the Loss of Head 
due to the Orifice of Influx. 

The table includes pipes of >^-inch, ?i-inch, 
^-inch, 1-inch, l)i-inch, IJi-inch, 2-inch, 2H- 
inch and 3-inch in diameter. ' 

The mean internal diameter of the pipe, that 
each page of the table refers to, is given at the 
head of each page. 

The first column of the table gives the mean 



2 FmcnoN OP water in smooth pipes. 

velocity, in feet per second^ of the water flowing 
in tKe pipe- 

The second coliunn gives the head required 
to produce the velocity in the first column, 
calculated hy the laws of falling bodies, inde- 
pendent of friction, loss of head due to influx, 
and other retarding causes. The following ex- 
pression was used in calculating the results m 
this column : 

Head required to produce velocity = ^' 

The third column gives the discharge in U. S* 
gaDona per minute^ and the fifth column the 
discharge in U, S. gallons per twenty-four 
hours, when the water is flowing in the pipe 
with the velocity given in the first column. 

The fourth column gives the loss of head, or 
the resistance, per 100 feet, arising from ihe 
friction of the water against the interior sides 
of the pipe, when the velocity of flow is the 
same as the velocity in the first column, and 
the ^scharge the same as the discharge in the 
third and fifth columns. This loss of head is 
also eqtdvalent to the inclination, or slope, on 
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which it would be necessary to lay the pipe in 
order to maintain the given velocity and dis- 
charge. The results in this column were com- 
puted by Weston's formula.* The formula, 
which must otdy he applied to pipes having interior 
sides similar to lead and brass pipes from one-hdff 
inch to three and one-haJlf inches in diameter, is 
as follows : 

fe= (0.0126+ ^•<^^^-'^QQ^)44- 
V V V I d 2g 

In which h = the loss of head due to friction, 
in feet. 
d = the internal diameter of the 

pipe, in feet. 
V = the velocity per second, in feet. 
I = the length of the pipe, in feet. 
2^ = 64.324. 

When the mean velocity, discharge, and 
diameter of the pipe are constant, the loss of 
head due to friction is directly and simply 
as the length, consequently the loss of head 

• Trwuuustions, Am. Society of Civil Engineers. VoL XXn.. 1890. 
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due to friction for aiiT length of pipe can be 
readihr determined from the table. 

The sixth eohmm gives the loss of head dne 
to the entrance of the water into the pipe^ witii 
the velocity in the first column, when the edges of 
the inlet end of the pipe are square and flush 
with the face of a wall or partition. The fol- 
lowing formula was used in calculating the 
results in this column : 

Loss of head due to influx = 0.505 -tr-. 

If the pipe is connected with a reservoir, in 
the manner mentioned in the description of the 
sixth colunm, and laid below the hydraulic 
grade line, the sum of the results given in the 
second, fourth, and sixth columns, is the total 
head, or the head that will be required to 
generate the velocity in the first column, and 
the discharge in the third and fifth columns. 

The table can also be used to ascertain 
approximate losses of head due to friction, and 
the velocities corresponding to the same, beyond 
the highest limits of the table, by the application 
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of the following rule : the diameter and length 
of the pipe being constant, the loss of head 
varies as the square of the velocity and con- 
versely the velocity as the square root of the 
loss of head. The results obtained in this 
manner, in connection with the table, will neces- 
sarily be approximate, as the coefficient of 
friction included in the formula used in com- 
puting the table, is dependent upon both the 
diameter and the square root of the velocity. 
The results obtained by determining the loss of 
head due to friction, by the square of the velocity, 
will be in excess of what the formula will give : 
for a loss of head of 3,000 feet, due to friction, 
in a pipe 100 feet long, for the diameters given 
in the table, it would average about eight per 
cent, more ; and the results obtained by deter- 
mining the velocity by the square root of the 
loss of head due to friction, will not be as much 
as the formula will give : for a velocity corres- 
ponding to a loss of head of 3,000 feet, due to 
friction, in a pipe 100 feet long, for the diameters 
given in the table, it would average about four per 
cent. less. For a loss of head less than 3,00( 
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feet, due to friction, in a pipe 100 feet long, 
and its corresponding velocity, the error in a 
result obtained in this manner would be pro- 
portionally less. It should be borne in mind, 
however, that in determining a loss of head due 
to friction or a velocity, beyond the Hmits of the 
table by using the square of the velocity or the 
square root of the loss of head due to friction, 
that in each instance the highest velocity or loss of 
head due to friction (for each diameter) given in the 
table must he used as tlie hose of computationy in 
order to obtain the most reUable result. 

Following tlfe table there is a supplementary 
table of theoretical velocities which is to be used 
in conjunction with the table, for obtaining 
approximate results, when the results desired 
are beyond the highest limits of the results 
given in the table. 

It may seem in first looking over the table, as 
though it contained in some instances losses of 
head due to friction which extend far beyond 
the range of practical apphcation, especially in 
regard to pipes of small diameter. This would 
undoubtedly be the fact if the table wfts only 
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intended to cover lengths of pipe of 100 feet or 
over, such, however, as has previously been 
explained, is not the case, the table having been 
arranged for determining results for pipes less 
than 100 feet in length as well as for pipes more 
than 100 feet in length. For instance, the total 
head from the table corresponding to a velocity 
of 50 feet, for a H-inch pipe 100 feet long, = 
1,573 + 39 + 20, = 1,632 feet, and it might be 
said with very good reason that a pipe of this size 
discharging under such a high head as 1,632 
feet would never be met with in actual experi- 
ence, unless, possibly, in a most exceptional 
case ; but a >^-inch pipe 10 feet long discharging 
under a total head of 1,573 -«- 10, + 39 + 20 = 
216 feet, is not such an unusual occiurence. 
One of the principal objects, that was borne in 
mind when the table was being arranged, was 
to make it, as far as was practicable, so that 
even exceptional problems could be readily 
solved. 

In using the table when other lengths of pipe 
than 100 feet are to be taken into consideration, 
as well as for cases when the results desired 
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are beyond the highest limits of the table, it 
will probably be necessary, in some instances, 
especially for a person who is not in the habit 
of making hydrauKc calculations, to make 
several trials before the correct result is ob- 
tained. A little practice, however, will perceiv- 
ably facilitate the use of the table. 

The following examples illustrate a number 
of ways in which the information contained in 
the table can be applied, for obtaining results 
which are not given in the table : 

Positive results can be obtained in the man- 
ner shown by examples Nos. 1, 2 and 3, as the 
rule apphed in order to obtain them, is : when 
the mean velocity, discharge, and diameter of 
the pipe are constant, the loss of head due to 
friction is directly and simply as the length 
of the pipe. Approximate results, only, how- 
ever, can be obtained in the manner shown 
by examples Nos. 4 and 5, as the results will be 
beyond the highest limits of the table and the 
rule appHed in order to obtain them: the 
diameter and length of the pipe being constant 
the loss of head due to friction varies as the 
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square of the velocity and conversely the 
velocity as the square root of the loss of head 
due to friction, is, in the present instance, for 
reasons previously mentioned, an approximate 
rule. 

Example No. 1. 

Question, What will be the diameter of a 
pipe which will supply a boiler, carrying 60 
pounds of steam to the square inch, 50,000 gal- 
lons of water per 24 hours, the elevation of the 
reservoir which will supply the water being 167 
feet above the boiler and the length of pipe 100 
feet! 

Answer. The loss of head in this case must not 
exceed 167 — 139 (which is the head equivalent to 
60 pounds), = 28 feet. The table shows that a 
IM-inch pipe will deliver 49,680 gallons of water 
per 24 hours, under a total head of 27.40 feet 

(25.50, + (1=) 1.26, + ( Jx 0.505 =) 0.64). 

This result checks within 0.60 of a foot 
(28 — 27.40), which is as ixear as can be pb- 
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tained from the table. Therefore a pipe 13i- 
inch in diameter is the pipe required. 

Example No. 2. 

Question. What will be the diameter of a pipe 
which will supply a boiler, the conditions being 
the same as given in the question for Example 
No. 1, with the exception, that the quantity of 
water required is 40,000 gallons and the length 
of the pipe 40 feet f 

Answer. The ratio of jhe lengths used in 

computing the table, to the given length, 

100 

^, = 2.5, 2.5 X 28 = 70 feet. The table 

shows that the discharge of a 1-inch pipe 

corresponding to a friction head of 60.10 feet 

is 44,640 gallons of water per 24 ho\u«, the in- 

40 
verse ratio of the lengths, jrr^, = 0.4, 0.4 X 60.10 

= 24.0t, 24.04, + (|^=)2.49, + (|x0.505=) 

1.26, = a total head of 27.79 feet. This result. 

cliocks within 0.21 feet (28 — 27.79), which is 

us noiir as can be obtained irom \Jcife \»Jq.I^, 
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Therefore a pipe l-inch in diameter is the pipe 
required. 

Example No. 3. 

Question, What will be the discharge from 
a reservoir in gallons per minute, through a 1- 
inch pipe 200 feet long, under a total head of 
300 feetf 

Answer. The ratio of the length used in 
computing the table to the given length, 

^^, = 0.50, 0.50xf300= 150 feet. The table 

shows that the discharge of a 1-inch pipe 
corresponding to a friction head of 143.91 is 
50.00 gallons per minute ; the inverse ratio of 

the lengths, ^ = 2.0, 2.0x143.91 = 287.82, 

287.82,+(^=) 6.48 + (^ x 0.505 = ) 3.27, = 

a total head of 297.57 feet. This result checks 
within 2.43 feet (300 — 297.57), which is as 
near as can be obtained from the table. There- 
fore a pipe 1-inch in diameter and 200 feet long, 
under a total head of 300 feet, will discharge 
50.00 gallons of water per minute. 
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\tion. What will be the approxiinate 
discharge from a reservoir, in gallons per 
minute, through a 3-inch pipe 100 feet long 
under a total head of 500 feet! 

Answer, The friction head given in the table 
opposite to the velocity of 50 feet is 233 feet, 

and the total head, 233, + {^+Y'^^'^^^) 
59, = 292 feet. As a total head of 292 feet 
will produce a velocity of 50 feet, assume 70 
feet as the increased velocity which would be 
produced by 500 feet, the given total head. 
The supplementary table of theoretical velocities 

shows that ^ for a velocity of 70 is 76 feet and 

-^X 0.505 =38 feet, 76 + 38 = 114 feet, 500 

— 114 = 386 feet, which is to be used as an 
assumed friction head j the square root of the 
assumed friction head 386 divided by the square 
root of 233, the friction head taken from the 
table, corresponding to 50, the highest velocity, 

= J|:^^ = 1.29, 1.29 X 50 (the velocity from 
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the table), = 64.5 feet, which is the resultant 

velocity, -^ — h o— X 0.505 for a velocity of 64.5, 

is found by the aid of the supplementary table 
of theoretical velocities to be 98 feet, 98 + 386 
(the assumed friction head for a velocity of 70 
feet), = a total head of 484 feet. If the 
assumed velocity had been the actual velocity 
this 484 would have been equal to 500 the given 
total head, and the resultant velocity 64.5 the 
same as 70, the assumed velocity, and as their 
differences are so great (500 — 484 = 16 and 70 
— 64.5 = 5.5), it will be necessary to make, at 
least, one more trial. 

For the second trial assume a velocity of 66 
feet. The supplementary table of theoretical 

velocities shows that -^ — 1-77- X 0.505 for a vel- 
,2^ 2^ 

ocity of m is 102 feet, 500 — 102 = 398 feet; 
the square root of the assumed friction head 
398 divided by the square root of 233, the fric- 
tion head taken from the table corresponding to 

50, the highest velocity, = i^ = 1.31, 1.31 X 
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50 (the velocity from the table), = 65.5 feet 

which is the resultant velocity, -^ — |- -^ X 0.505 

for a velocity of 65.5 is found by the aid of the 
supplementary table of theoretical velocities to 
be 101 feet, 101 + 398 (the assumed friction 
head for a velocity of ^^ feet), = a total head of 
499 feet. This result is sufficiently near as the 
total heads check to within 1 foot (500 — 499) 
and the velocities to within 0.5 feet (66 — 65.5). 
To obtain the discharge in gallons per minute, 
multiply 1,104 (the gallons per minute given in 
the table corresponding to a velocity of 50), by 
1.31 (the ratio of the square roots of the friction 
heads), 1,104x1.31 = 1,446 gallons. There- 
fore a 3-inch pipe 100 feet long, under a total 
head of 500 feet will discharge 1,446 gallons per 
minute. 

Example No. 5. 

Question. What will be the approximate dis- 
charge from a reservoir, in gallons per minute, 
through a 3-inch pipe 10 feet long, under a total 
lead of 300 feet? 
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Answer, The inverse ratio of the length used 

in computing the table to the given length, -^^ 

= 0.10, 233 feet is the friction head given in the 
table opposite to the velocity of 50 feet, 233 X 
0.10= 23.3 feet, the friction head in a pipe 10 feet 
long corresponding to a velocity of 50 feet, and 

the total head, 23.3 + (-|- + ^ X ^-^^^ = ) ^% 

= 82.3 feet. As a total head of 82.3 feet will 
produce a velocity of 50 feet, assume 100 feet 
as the increased velocity which would be pro- 
duced by 300 feet, the given total head. The 
supplementary table of theoretical velocities, 

shows that -^ for a velocity of 100 is 155 feet 
and -^ X 0.505= 78 feet, 155+78 = 233 feet, 

300 — 233 = 67 feet, which is to be used as an 

assumed friction head; 67 multiplied by the 

100 
ratio of the lengths, -tttj = 10, = 670 feet ; the 

Bquare root of the assumed friction head 670 
divided by the square root of 233, the friction 
head taken from the table corresponding to 50, 
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25 88 
the highest velocity, =: ^roa — ^•'^? ^'^ ^ 50 (the 

velocity from the table), = 85 feet which is the 
resultant velocity, -o- + «- X 0.505 for a veloc- 
ity of 85 is found by the aid of the supplemen- 
tary table of theoretical velocities to be 169 
feet, 169 + 67 (the assumed friction head for a 
velocity of 100 feet in a pipe 10 feet long), = a 
total head of 236 feet. If the assumed velocity 
had been the actual velocity, this 236 would 
have been equal to 300 the given total head, 
and the resultant velocity 85 the same as the 
assumed velocity 100, and as their differences 
are so great (300—236 = 64 and 100 — 85 = 15), 
it will be necessary to make, at least, one more 
trial. 

For the second trial assume a velocity of 96 
feet. The supplementary table of theoretical 

v^ V* 
velocities shows that -rz — I- 77— X 0.505 for a 
2^ 2g 

velocity of 96 is 215 feet, 300 — 215 = 85 

100 
feet, 85 X -zrjri = 850 feet ; the square root of 
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the assumed friction head 850 divided by the 

square root of 233, the friction head taken from 

the table corresponding to 50, the highest veloc- 

29 15 
ity, = -TkW? = 1-91? 1-91 X 50 (the velocity 

from the table), = 95.5 feet, which is the resnlt- 

ant velocity, -^ — h o^ X 0-505 for a velocity of 

95.5 is found by the aid of the supplementary 
table of theoretical velocities to be 214 feet, 
214 + 85 (the assumed friction head for a 
velocity of 96 feet in a pipe 10 feet long), = a 
total head of 299 feet. This result is sufficiently 
near as the total heads check to within 1 foot (300 
— 299) and the velocities to within 0.5 feet (96 — 
95.5). To obtain the discharge in gallons per 
minute, multiply 1,104 (the gallons per minute 
given in the table corresponding to a velocity of 
50), by 1.91 (the ratio of the square roots of the 
friction heads), 1,104x1.91 = 2,109 gallons. 
Therefore a 3-inch pipe 10 feet long, under a 
total head of 300 feet, will discharge 2,109 
gallons per minute. 



I 
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Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
inU. u. 
GaUons 

](£ute. 


Loss of 
Head in 
Ft. due to 
Friction, 

100 Ft. 


Piflcharge 
in U.S. 
Gallons 


IiOHOf 

Head in 
Ft. due 
to the 
Ortflceof 
Influx. 


0.41 


0.00 


0.25 


0.37 


360 


0.00 


0.82 


0.01 


0.50 


1.13 


720 


0.01 


1.23 


0,02 


0.75 


2.21 


1,080 


0.01 


1.63 


0.04 


1.00 


3.53 


1,440 


0.02 


2.04 


0.06 


1.25 


5.14 


1,800 


0.03 


2.45 


0.09 


1.50 


6.94 


2,160 


0.05 


2.86 


0.13 


1.75 


9.19 


2,520 


0.06 


3.27 


0.17 


2.00 


11.45 


2,880 


0.08 


3.68 


0.21 


2.25 


13.95 


3,240 


0.11 


4.08 


0.26 


2.50 


16.83 


3,600 


0.13 


4.49 


0.31 


2.75 


19.78 


3,960 


0.16 


4.90 


0.37 


3.00 


22.93 


4,320 


0.19 


5.31 


0.44 


3.25 


26.62 


4,680 


0.22 


5.72 


0.51 


3.50 


30.15 


5,040 


0.26 


6.13 


0.58 


3.75 


33.93 


5,400 


0.30 


6.54 


0.66 


4.00 


38.30 


5,760 


0.34 


6.94 


0.75 


4.25 


42.41 


6,120 


0.38 


7.35 


0.84 


4.50 


47.17 


6,480 


0.42 


7.76 


0.94 


4.75 


51.68 


6,840 


0.47 


8.17 


1.04 


5.00 


56.53 


7,200 


0.52 


8.58 


1.14 


5.25 


61.80 


7,560 


0.58 


8.99 


1.26 


5.50 


66.94 


7,920 


0.63 


9.40 


1.37 


5.75 


72.53 


8,280 


0.69 


9.80 


1.49 


6.00 


78.48 


8,640 


0.75 



20 FRICnOX OF WATER IN SMOOTH PIPES. 



DIAMETER OHE-HALF HfOH. 



ofWAter 
in Ft. 

per 

^-- J 

uecoDcu 


Hendin 
1 Ft-re- 
qmredto 

this 
j Velocity. 


Diaebuse 
in U.S. 
OaUons 

l^te. 


' iMBOf 

He«din 

jFUdneto 

Fiictian, 

per 
100 Ft 


Discharge 
inU 8. 
Gallczis 

24H011IB. 


LOBBOf 

Head in 

Ft. due 

toth^ 

Orifice of 

Influx. 


ia2i 


1.62 


6.25 


84.79 


9,000 


0.82 


laea 


1.75 


6.50 


90.90 


9,360 


0.89 


11.03 


1.89 


6.75 


97.14 


9,720 


0.96 


11.44 


2,03 


7,00 


103.52 


10,080 


1.03 


11.85 


2.18 


7,25 


110,03 


10,440 


1.10 


12.25 


2.33 


7.50 


117.58 


10,800 


1.18 


12.60 


2,49 


7.75 


124.39 


11,160 


1.26 


13.07 


2.66 


8.00 


131.30 


11,520 


1.34 


13.48 


2.82 


8,25 


138.99 


11,880 


1.43 


13.89 


3.00 


8.50 


146.85 


12,240 


1.51 


14.30 


3.18 


8.75 


154.12 


12,600 


1.61 


14.71 


3,36 


9.00 


163.09 


12,960 


1.70 


15.11 


3,55 


9.25. 


171.22 


13,320 


1.79 


16.62 


3.74 


9.50 


179.74 


13,680 


1.89 


15.93 


3.95 


9.75 


188.42 


14,040 


1.99 


16.34 


4.15 


10.00 


197.25 


14,400 


2.10 


16.75 


4.36 


10.25 


207.27 


14,760 


2.20 


17.16 


4.58 


10.50 


215.34 


15,120 


2.31 


17.57 


4.80 


10.75 


225.76 


15,480 


2.42 


17.97 


5.02 


11.00 


233.74 


15,840 


2.54 


18.38 


5.25 


11.25 


244.53 


16,200 


2.65 


18.79 


5.49 


11.50 


254.24 


16,560 


2.77 


19.20 


5.73 


11.75 


265.46 


16,920 


2.89 


19,61 


5.98 


12.00 


275.48 


17,280 


3.03 



PMCnON OF WATER IN SMOOTH PIPES. 21 
DIAHETEB OHE-HALF DTOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


GaUons 
l£iute. 


Loesof 
Head in 
Ft. due to 
Friction, 

100 Ft. 


Discharge 
in U.S. 
Qallons 


TiOAnof 
Head in 
Ft. due 

to the 
Orifice of 

Influx. 


20.02 


6.23 


12.25 


285.63 


17,640 


3.15 


20.42 


6.48 


12.50 


297.16 


18,000 


3.27 


20.83 


6.75 


12.75 


305.97 


18,360 


3.41 


21.24 


7.01 


13.00 


318.13 


18,720 


3.54 


21.65 


7.29 


13.25 


328.79 


19,080 


3.68 


22.06 


7.57 


13.50 


341.36 


19,440 


3.82 


22.47 


7.85 


13.75 


354.16 


19,800 


3.96 


22.88 


8.14 


14.00 


363.30 


20,160 


4.11 


23.28 


8.43 


14.25 


376.11 


20,520 


4.25 


23.69 


8.72 


14.50 


387.38 


20,880 


4.41 


24.10 


9.03 


14.75 


400.91 


21,240 


4.56 


24.51 


9.34 


15.00 


412.42 


21,600 


4.72 


24.92 


9.65 


15.25 


426.34 


21,960 


4.88 


25.33 


9.97 


15.50 


440.48 


22,320 


5.04 


25.74 


10.30 


15.75 


452.38 


22,680 


5.20 


26.14 


10.62 


16.00 


466.55 


23,040 


5.36 


26.55 


10.96 


16.25 


478.67 


23,400 


5.53 


26.96 


11.30 


16.50 


493.57 


23,760 


5.71 


27.37 


11.65 


16.75 


508.70 


24,120 


5.88 


27.78 


12.00 


17.00 


521.17 


24,480 


6.06 


28.19 


12.35 


17.25 


536.67 


24,840 


6.24 


28.59 


12.71 


17.50 


548.96 


25,200 


6.42 


29.00 


13.07 


17.75 


564.82 


25,560 


6.60 


29.41 


13.45 


18.00 


580.90 


25,920 


6.79 



22 PMCnON OP WATER IN SMOOTH HPiflS 



OIAHETEfi OHE-HALF INCH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U.S. 
Gallons 

per 
Minute. 


Head in 
Ft. due to 
Friction, 

lOOFt. 


Discharge 
in U.S. 
Gallons 

24 Hours. 


LOCM of 

Head in 

Ft. due 

to the 

Orifice of 


29.82 


13.82 


18.25 


593.89 


26,280 


6.98 


30.23 


14.21 


18.50 


610.33 


26,640 


7.17 


30.64 


14.60 


18.75 


623.50 


27,000 


7.37 


31.05 


14.99 


19.00 


640.30 


27,360 


7 57 


31.45 


15.38 


19.25 


656.90 


27,720 


7.77 


31.86 


15.78 


19.50 


670.35 


28,080 


7.97 


32.27 


16.19 


19.75 


687.72 


28,440- 


8.18 


32.68 


16.60 


20.00 


701.32 


28,800 


8.38 


33.09 


17.02 


20.25 


719.03 


29,160 


8.60 


33.50 


17.45 


20.50 


736.96 


29,520 


8.81 


33.91 


17.88 


20.75 


755.11 


29,880 


9.03 


34.31 


18.30 


21.00 


773.02 


30,240 


9.24 


34.72 


18.74 


21.25 


787.11 


30,600 


9.46 


35.13 


19.19 


21.50 


805.81 


30,960 


9.69 


35.54 


19.64 


21.75 


820.01 


31,320 


9.92 


35.95 


20.09 


22.00 


839.04 


31,680 


10.15 


36.36 


20.55 


22.25 


858.29 


32,040 


10.38 


36.76 


21.01 


22.50 


877.28 


32,400 


10.61 


37.17 


21.48 


22.75 


896.96 


32,760 


10.85 


37.58 


21.96 


23.00 


911.59 


33,120 


11.09 


37.99 


22.44 


23.25 


931.58 


33,480 


11.33 


38.40 


22.92 


23.50 


951.80 


33,840 


11.58 


38,81 j 


23A2 


23.75 


966.62 


34,200 


11.83 


39.22 / 


23.91 I 


24 00 


987.15 


\ ^4:,^^^ 


\ Vl,^'^ 



FBICnON OF WATEB IN SMOOTH PIPES. 23 



OIAHETEB ONE-HALF UTOH. 



Mean 
Velocity 
Of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U.& 
GaUons 

per 
Minute. 


Loss of 

Head in 

Ft. due to 

Friction. 

100 Ft. 


Discharge 
in U.S. 
Gallons 

aiSSLs. 


LoSAOf 

Head in 
Ft. due 

to the 
Orifice of 

Influx. 


39.62 


24.40 


24.25 


1,007.38 


34,920 


12.32 


40.03 


24.91 


24.50 


1,028.34 


35,280 


12.58 


40,U 


25.42 


24.75 


1,049.51 


35,640 


12.84 


40.85 


25.94 


25.00 


1,070.90 


36,000 


13.10 


41.26 


26.47 


25.25 


1,092.51 


36,360 


13.37 


41.67 


26.99 


25.50 


1,107.85 


36,720 


13.63 


42.08 


27.53 


25.75 


1,129.76 


37,080 


13.90 


42.48 


28.05 


26.00 


1,151.34 


37,440 


14.17 


42.89 


28.60 


26.25 


1,166.81 


37,800 


14.44 


43.30 


29.15 


26.50 


1,189.22 


38,160 


14.72 


43.71 


29.70 


26.75 


1,211.85 


38,520 


15.00 


44.12 


30.26 


27.00 


1,234.69 


38,880 


15.28 


44.53 


30.83 


27.25 


1,250.35 


39,240 


15.57 


44.93 


31.38 


27.50 


1,272.91 


39,600 


15.85 


45.34 


31.96 


27.75 


1,296.25 


39,960 


16.14 


45.75 


32.54 


28.00 


1,319.80 


40,320 


16.43 


46.16 


33.13 


28.25 


1,343.56 


40,680 


16.73 


46.57 


33.72 


28.50 


1,359.44 


41,040 


17.03 


46.98 


34.31 


28.75 


1,383.48 


41,400 


17.33 


47.39 


34.91 


29.00 


1,407.74 . 


41,760 


17.63 


47.79 


35.51 


29.25 


1,431.60 


42,120 


17.93 


48.20 


36.12 


29.50 


1,456.27 


42,480 


18.24 


48.61 


36.73 


29.75 


1,481.15 


42,840 


18.56 


49.02 


37.36 


30.00 


1.506.24 


43,200 


18.87 



24 FEICTION OF WATER IN SMOOTH PIPES. 

DIAMETEE ONE-HALF INOH. 



Mean 
Veloc ty 
of Water 

in Ft. 

per 

Second. 



Head in 
It. re- 
quired to 
produce 

this 
Velocity. 



Discharge 
in U. S. 
Gallons 

per 
Minute. 



Less of 

Head in 

Ft. due to 

Friction, 

per 
100 Ft. 



Discharge 

inU. 8. 

Gallons 

per 

24 Hours. 



LoSA of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 



49.43 
49.84 
50.25 



37.98 
38.62 
39.26 



30.25 
30.50 
30.75 



1,531.54 
1,547.78 
1,573.35 



43,560 
43,920 
44,280 



19.18 
19.50 
19.82 



FRICTION OP WATER IN SMOOTH PIPES. 



9r> 



DIAMETEl nm-ElGHTH IHOH. 



Mean. 

of Water 
Is Ft. 

per 
Second, 


Mead !n 
Ft, re- 
quired to 
produfM! 

thlB 
Velodtr. 


Jn U. H. 
Galloiu 

per 
Minute. 


Lnwof 
HeAdin 
Ft. due (0 
Fi*icboii> 

IQUFt. 


Pinrbiirge 

in U. ti. 
GaJitina 


Low of 
Head ill 

Ft. d!i» 

to tba 
OKfire of 

Influx. 


0.42 


0,00 


a^ 


asi 


576 


0.00 


0.&i 


0.01 


0.80 


a 94 


1,152 


0.01 


h^ 


0,02 


1.20 


L80 


1,728 


0.01 


1.67 


0.04 


1.G0 


2.90 


2,304 


0.02 


2.09 


0.07 


100 


4.26 


2,880 


0.03 


2.51 


0,10 


2.40 


5*75 


3,456 1 


0,05 


2.93 


13 


2.80 


7*43 


4,032 


0.07 


3.35 


0.17 


3.20 


9.51 


4,608 


0,09 


3,T8 


0,22 


3.60 


n.48 


5,184 


0.11 


4.18 


0*27 


4.00 


13.72 


5,760 


0.14 


4,ti0 


0.33 


4.40 


16.42 


6,336 


0.17 


5.02 


0.39 


4.80 


19.03 


6,912 


1.20 


5.44 


0.46 


5.20 


21,73 


7,488 


0.23 


6.86 


0.53 


5.60 


25.01 


8,061 


0.27 


6.27 


0,61 


6.00 


28.05 


8,640 


0.31 


6.69 


0.70 


6.40 


31.39 


9,216 


0.35 


7-11 


0.70 


6.80 


35.16 


9,792 


0.40 


7.53 


0.88 


7.20 


.48.76 


10,368 


0.45 


7-95 


0.98 


7.60 


42.64 


10,944 


0.50 


8.37 


1.09 


8.00 


47.05 


11,520 


55 


BpTS 


1.20 


8.40 


51.08 


12,096 


0.61 


9.20 


1.32 


8.80 


65.33 


12,672 


0.66 


9.62 


1*44 


9.20 


00.22 


13,248 


0.73 


IQM 


lifiT 


9*60 


64,99 


13,824 


0.79 



26 FRICTION OP WATER IN SMOOTH PIPES. 



DTAMF.TEB PIVE-EIGHTH INCH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

per 
Minute. 


Loss of 
Head in 
Ft. due to 
Fridtion, 

lOOFt. 


Discharge 
in U. S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


10.46 


1.70 


10.00 


69.89 


14,400 


0.86 


10.88 


1.84 


10.40 


74.91 


14,976 


0.93 


11.29 


1.98 


10.80 


79.90 


15,552 


1.00 


11.71 


2.13 


11.20 


85.95 


16,128 


1.08 


12.13 


2.29 


11.60 


91,35 


16,704 


1.16 


12.55 


2.45 


12.00 


96.85 


17,280 


1.24 


12.97 


2.62 


12.40 


102.93 


17,856 


1.32 


13.39 


2.79 


12.80 


108.64 


18,432 


1.41 


13.80 


2.96 


13.20 


114.83 


19,008 


1.50 


14.22 


3.14 


13.60 


121.92 


19,584 


1.69 


14.64 


3.33 


14.00 


127.95 


20,160 


1.68 


15.06 


3.53 


14.40 


135.40 


20,736 


1.78 


15.48 


3.73 


14.80 


141.62 


21,312 


1.88 


15.90 


3.93 


15.20 


148.66 


21,888 


1.98 


16.31 


4.14 


15.60 


155.63 


22,464 


2.09 


16.73 


4.35 


16.00 


163.75 


23,040 


2.20 


17.15 


4.57 


16.40 


171.20 


23,616 


2.31 


17.57 


4.80 


16.80 


178.76 


24,192 


2.42 


17.99 


5.03 


17.20 


186.44 


24,768 


2.54 


18.41 


5.27 


17.60 


194.24 


25,344 


2.66 


18.82 


5.51 


18.00 


201.93 


25,920 


2.78 


19.24 


5.75 


18.40 


211.04 


26,496 


2.91 


19.66 


6.01 


18.80 


219.20 


27,072 


3.03 


20.08 


6.27 


19.20 


227.47 


27,648 


3.17 



FRICTION OP WATER IN SMOOTH PIPES. 27 

DIAMETEE FIVE-EIGHTH INCH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 

Ft. re- 

quii ed to 

produce 

this 
Velocity. 


Discharge 
m U. 8. 
Gallons 

per 
Minute. 


liOesof 

Head in 

Ft. due to 

Friction, 

per 

100 Ft. 


Dihcharge 
inU. 8. 
Gallons 

24^ur8. 


Loss of 
Head in 
Ft. due 

to the 
Orifice of 

Influx. 


20.50 


6.53 


19.60 


237.08 


28,224 


3.30 


20.92 


6.80 


20.00 


245.59 


28,800 


3.44 


21.33 


7.07 


20.40 


255.31 


29,376 


3.57 


21.75 


7.36 


20.80 


262.64 


29,952 


3.71 


22.17 


7.64 


21.20 


272.88 


30,528 


3.86 


22.59 


7.93 


21.60 


281.79 


31,104 


4.01 


23.01 


8.23 


22.00 


292.37 


31,680 


4.16 


23.42 


8.53 


22.40 


302.88 


32,256 


4.31 


23.84 


8.84 


22.80 


312.15 


32,832 


4.46 


24.26 


9.15 


23.20 


323.24 


33,408 


4.62 


24.68 


9.47 


23.60 


332.71 


33,984 


4.78 


25.10 


9.79 


24.00 


344.13 


34,560 


4.95 


25.52 


10.12 


24.40 


353.80 


35,136 


5.11 


25.93 


10.45 


24.80 


365.26 


35,712 


5.28 


26.35 


10.79 


25 20 


377.19 


36,288 


5.45 


26.77 


11.14 


25.60 


385.03 


30,864 


5.63 


27.19 


11.49 


26.00 


397.21 


37,440 


5.80 


27.61 


11.85 


26.40 


409.57 


38,016 


5.98 


28.03 


12.21 


26.80 


422.13 


38,592 


6.17 


28.44 


12.57 


27.20 


434.57 


39,168 


6.35 


28.86 


12.95 


27.60 


445.01 


39,744 


6.54 


29.28 


13.33 


28.00 


458.06 


40,320 


6.73 


29.80 


13.81 


28.40 


471.82 


40,896 


6.97 


30.12 


14.10 


28.80 


482.01 


41,472 


7.12 



28 FRICnON OF WATER IN SMOOTH PIPES. 

DIAMETER FEYZ-EIGHTH DTGH. 



Mean 

Velocity 

of Water 

ill Ft. 

per 

Second. 


Ht^adin 
Ft. re- 
quired to 
produce 

tbiB 
Velocity. 


Discharge 
in U.S. 
iiallons 

pir 
Minute. 


Loaaof 

Heudia 

Ft. due to 

Friction. 

per 

100 Ft. 


Dfeebarge 
in U.S. 
GaUons 

a« Hours. 


LOBSOf 

Head in 

Ft. due 

to the 

Orifice of 

ItiIItit, 


30.54 


14.50 


29.20 


492.76 


42,048 


7.32 


30.95 


14.89 


29.60 


506.06 


42,624 


7.52 


31.37 


15.30 


30.00 


519.91 


43,200 


7.73 


.^1.79 


15.71 


30.40 


530.91 


43,776 


7.93 


32.21 


16.13 


30.80 


545.03 


44,352 


8.15 


32.63 


16.55 


31.20 


559.34 


44,928 


8.36 


33.05 


16.98 


31.60 


573.83 


45,504 


8.58 


33.46 


17.41 


32.00 


588.16 


46,080 


8.79 


33.88 


17.84 


32-40 


599.59 


46,656 


9.01 


34.30 


18.29 


32.80 


614.55 


47,232 


9.24 


34.72 


18.74 


33.20 


626.09 


47,808 


9.46 


35.14 


19.20 


33.60 


641.33 


48,384 


9.69 


35.56 


19.66 


34.00 


656.75 


48,960 


9.93 


35.97 


20.11 


34.40 


671.98 


49,536 


10.16 


36.39 


20.59 


34.80 


687.77 


50,112 


10.40 


36.81 


21.06 


35.20 


699.69 


50,688 


10.64 


37.23 


21.55 


35.60 


715.75 


51,264 


10.88 


37.65 


22.04 


36.00 


727.76 


51,840 


11.13 


38.07 


22.53 


36.40 


744.08 


52,416 


11.38 


38.48 


23.02 


36.80 


760.20 


52,992 


11.62 


38.90 


23.52 


37.20 


776.88 


53,568 


11.88 


39.32 


24.04 


37.60 


793.75 


54,144 


12.14 


39.74 


24.55 


38.00 


806.08 


54,720 


12.40 


40.16 


25.07 


38.40 


823.21 


65,296 


12.66 



FRICTION OF WATER IN SMOOTH PIPES. 29 
DIAMETEE PIVE-EIGHTH DTOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 
Second. 


Head in 

Ft. le- 

quired to 

produce 

this 
Velocity. 


Discharge 
in U. 8. 
Oallonn 

MEfite. 


L( 8S < f 

Head in 

Ft. due to 

Friction, 

lOoFt. 


Dfsrharre 
m U S. 
Gallons 

24 Hours. 


LrSS^f 

Heudin 
>t. due 

to the 
ificeof 

Influx. 


40.58 


25.60 


38.80 


835.61 


55,872 


12.93 


40.99 


26.12 


39.20 


852.58 


56,448 


13.19 


41.41 


26.66 


39.60 


870.14 


57,024 


13.46 


41.83 


27.20 


40.00 


887.88 


57,600 


13.74 


42.25 


27.75 


40.40 


905.80 


58,176 


14.01 


42.67 


28.31 


40.80 


918.46 


58,752 


14.29 


43.09 


28.87 


41.20 


936.63 


59,328 


14 58 


43.50 


29.42 


41.60 


954.54 


59,904 


14.86 


43.92 


29.99 


42.00 


973.06 


60,480 


15.14 


44.34 


30.56 


42.40 


991.76 


61,056 


15.44 


44.76 


31.15 


42.80 


1,004.66 


61,632 


15.73 


45.18 


31.73 


43 20 


1,023.60 


62,208 


16.03 


45.59 


32.31 


43.60 


1,042.26 


62,784 


16.32 


46.01 


32.91 


44.00 


1,061.55 


63,360 


16.62 


46.43 


33.51 


44.40 


1,081.02 


63,936 


16.92 


46.85 


34.12 


44.80 


1,100.67 


64,512 


17 23 


47.27 


34.74 


45.20 


1,120 49 


65,088 


17.54 


47.69 


35.36 


45.60 


1,133.70 


65,664 


17.86 


48.10 


35.97 


46.00 


1,153.28 


66,240 


18.16 


48.52 


36.60 


46.40 


1,166.48 


66,816 


18.48 


48.94 


37.24 


46.80 


1,186 76 


67,392 


18.80 


49.36 


37.88 


47.20 


1,207.22 


67,968 


19.13 


49.78 


38.52 


47.60 


1,227.85 


68,544 


19.45 


60.20 


39.18 


48.00 


1,248.66 


69,120 


19.78 



■( 



30 FRICTION OP WATER IN SMOOTH PIPES. 



DIAMETEB THKEE-POUBTH IHOH. 



liean Head in 
Velocity Ft. re- 
Of^ater quired to 



in Ft. 
Second. 



0.36 
0.73 
1.09 
1.45 
1.82 
2.18 
2.54 
2.90 
3.27 
3.63 
3.99 
4.36 
4.72 
6.08 
6.45 
5.81 
6.17 
6.64 
6.90 
7.26 
7.63 
7.99 
8.35 
S.71 



produce 

this 
Velo<-ity. 



0.00 
0.01 
0.02 
0.03 
0.05 
0.07 
0.10 
0.13 
0.17 
0.20 
0.25 
0.30 
0.35 
0.40 
0.46 
0.52 
0.59 
0.66 
0.74 
0.82 
0.91 
0.99 
1,08 
1.18 



Diacbarge 
inU.H. 
GaUons 

per 
Minute. 



/ ITs I 



0.50 

1.00 

1.50 

2.00 

2.50 

3.00 

3.50 

4.00 

4.50 

5.00 

5.50 

6.00 

6.50 

7.00 

7.50 

8.00 

8.50 

9.00 

9.50 

10.00 

10.50 

11.00 

11.50 

12.00 



Lomof 
Head in 
Ft. due to 
Friction, 
per 

100 Ft. 


Discharge 
inU. 8. 
OaUons 

24 Hours. 


Loss of 
Headim 
Ft. doe 

totlSB 

Oilfieeof 
Inilox. 


0.18 


720 


0.00 


0.61 


1,440 


0.00 


1.19 


2,160 


0.01 


1.90 


2,880 


0.02 


2.80 


3,600 


0.03 


3.66 


4,320 


0.04 


4.81 


5,040 


0.05 


5.98 


5,760 


0.07 


7.45 


6,480 


0.08 


8.78 


7,200 


0.10 


10.49 


7,920 


0.12 


12.29 


8,640 


0.15 


14.02 


9,360 


0.17 


16.05 


10,080 


0.20 


18.03 


10,800 


0.23 


20.24 


11,520 


0.27 


22.44 


12,240 


0.30 


25.00 


12,960 


0.34 


27.24 


13,680 


0.37 


30.02 


14,400 


0.41 


32.73 


15,120 


0.46 


35.57 


15,840 


0.60 


38.50 


16,560 


0.56 


41.5a 


\ VI, ^m 


\ ^.«i 



FRICTION OP WATER IN SMOOTH PIPES. 31 



DIAHETEB THBEE-POUETH INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

per 
Minute. 


Loss of 

Head in 

Ft. due to 

Friction, 

lS?Ft. 


Discharge 
in U. 8. 
Gallons 

24 Sours. 


LoHsof 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


9.08 


1.28 


12.50 


44.71 


18,000 


0.65 


9.44 


1.39 


13.00 


47.88 


18,720 


0.70 


9.80 


1.49 


13.50 


51.36 


19,440 


0.75 


10.17 


1.61 


14.00 


55.06 


20,160 


0.81 


10.53 


1.72 


14.50 


58.19 


20,880 


0.87 


10.89 


1.84 


15.00 


61.95 


21,600 


0.93 


11.26 


1.97 


15.50 


65.60 


22,320 


1.00 


11.62 


2.10 


16.00 


69.86 


23,040 


1.06 


11.98 


2.23 


16.50 


73.54 


23,760 


1.13 


12.35 


2.37 


17.00 


77.39 


24,480 


1.20 


12.71 


2.51 


17.50 


81.97 


25,200 


1.27 


13.07 


2.66 


18.00 


86.26 


25,920 


1.34 


13.44 


2.81 


18.50 


90.31 


26,640 


1.42 


13.80 


2.96 


19.00 


94.74 


27,360 


1.50 


14.16 


3.12 


19.50 


99.75 


28,080 


1.57 


14.52 


3.28 


20.00 


104.36 


28,800 


1.66 


14.89 


3.45 


20.50 


109.19 


29,520 


1.74 


16.26 


3.62 


21.00 


114.54 


30,240 


1.83 


15.61 


3.79 


21.50 


118.80 


30,960 


1.91 


15.98 


3.97 


22.00 


123.86 


31,680 


2.00 


16.34 


4.16 


22.50 


128.84 


32,400 


2.10 


16.70 


4.34 


23.00 


134.58 


33,120 


2.19 


17.07 


4.53 


23.50 


140.61 


33,840 


2.29 


17.43 


4.72 


24.00 


145.09 


34,560 


2.39 



32 FRICTION OF WATER IN SMOOTH PIPES* 

DIAMETEB THEEE-POUETH IITOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


H.adin 

Ft. re- 

quirwdto 

produce 

this 
Velocity. 


Discharge 
in U. B. 
Gallons 

Mmute. 


Less of 

Head in 

Ft. due to 

Friction, 

per 
100 Ft. 


Dlsohaj^e 
m U. 8. 
Gallons 

24HoLs. 


Itmn of 
Head in 
Ft. tine 
to the 
Orifice of 
Influx. 


17.79 


4.92 


24.50 


151.15 


35,280 


2.48 


18.16 


5.13 


25.00 


157.50 


36,000 


2.59 


18.52 


5.33 


25.50 


162.10 


36,720 


2.69 


18.88 


5.54 


26.00 


168.46 


37,440 


2.80 


19.24 


5.75 


26.50 


174.95 


38,160 


2.91 


19.61 


5 98 


27.00 


180.79 


38,880 


3.02 


19.97 


6.20 


27.50 


186.49 


39,600 


3 13 


20.33 


6.43 


28.00 


193.28 


40,320 


3.24 


20.70 


6.66 


28.50 


198.24 


41,040 


3.36 


21.06 


6.90 


29.00 


205.20 


41,760 


3.48 


21.42 


7.13 


29.50 


212.27 


42,480 


3.60 


21.79 


7.38 


30.00 


218.49 


43,200 


3.73 


22.15 


7.63 


30.50 


225.77 


43,920 


3.85 


22.51 


7.88 


31.00 


231.91 


44,640 


3.98 


22.88 


8.14 


31.50 


239.59 


45,360 


4.11 


23.24 


8.40 


32. CO 


247.19 


46,080 


4.24 


23.60 


8.66 


32.50 


252.14 


46,800 


4.37 


23.97 


8.93 


33.00 


260.11 


47,520 


4.51 


24.33 


9.20 


33.50 


267.98 


48,240 


4.65 


24.69 


9.48 


34.00 


275.97 


48,960 


4.79 


25.05 


9.76 


34.50 


284.08 


49,680 


4.93 


25.42 


10.05 


35.00 


292 53 


5C,400 


5.07 


25.78 


10.33 


35.50 


297.57 


51,120 


5.22 


26.14 


10.62 


36.00 


305.94 


51,840 


5.36 



PBICnON OF WATER IN SMOOTH PIPES. 



33 



DIAMETEE THEEE-FOUETH DTOH. 



Mean 
Velocity 
©f Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quited to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

Ifinute. 


LOESOf 

Head in 
Ft. due to 
Friction, 

KWFt. 


Discharge 
in U.S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


26.51 


10.93 


36.50 


312.91 


52,560 


5.52 


26.87 


11.22 


37.00 


321.47 


53,280 


5.67 


27.23 


11.53 


37.50 


330.14 


54,000 


5.82 


27.60 


11.84 


38.00 


337.28 


54,720 


5.98 


27.96 


12.15 


38.50 


346.13 


55,440 


6.14 


28.32 


12.47 


39.00 


355.10 


56,160 


6.30 


28.69 


12.80 


39.50 


364.44 


56,880 


6.46 


29.05 


13.12 


40.00 


373.65 


57,600 


6.63 


29.41 


13.45 


40.50 


382.96 


58,320 


6.79 


29.78 


13.79 


41.00 


390.45 


59,040 


6.96 


30.14 


14.12 


41.50 


399.95 


59,760 


7.13 


30.50 


14.46 


42.00 


409.56 


60,480 


7.30 


30.86 


14.81 


42.50 


416.92 


61,200 


7.48 


31.23 


15.16 


43.00 


426.98 


61,920 


7.66 


31.59 


15.51 


43.50 


434.40 


62,640 


7.83 


31.95 


15.87 


44.00 


444.35 


63,360 


8.01 


32.32 


16.24 


44.50 


454.70 


64,080 


8.20 


32.68 


16.60 


45.00 


462.23 


64,800 


8.38 


33.04 


16.97 


45.50 


472.47 


65,520 


8.57 


33.41 


17.35 


46.00 


483.11 


66,240 


8.76 


33.77 


17.73 


46.50 


493.58 


66,060 


8.95 


34.13 


18.11 


47.00 


504.16 


67,680 


9.15 


34.50 


18.50 


47.50 


515.15 


68,400 


9.34 


34.86 


18.89 


48.00 


522.93 


69,120 


9.54 



34 FRICTION OP WATEB IN SMOOTB PIPES. 

DIAMETEB THBEE-FOUBTH USTOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 
Setond, 


Head in 
Ft.re- 

qniredto 
produce 

this 
Velocity. 


Diachaige 
m U. 8. 
Gallons 

M^^te. 


Loss of 

Head in 

Ft. due to 

Friction, 

per 

100 Ft. 


Discharge 
in U. 8. 
Oallons 

24 Hours. 


Loss of 
Head in 
Ft. due 

to the 
Oiificeof 

Influx. 


35.22 


19.28 


48.50 


533.79 


69,840 


9.74 


35.68 


19.68 


49.00 


541.61 


70,560 


9.94 


36.95 


20.09 


49.50 


562.93 


71,280 


10.15 


36.31 


20.50 


50.00 


564.06 


72,000 


10.35 


36.67 


20.90 


50.50 


575.30 


72,720 


10.56 


37.04 


21.33 


51.00 


586.97 


73,440 


10.77 


37.40 


21.75 


51.50 


598.44 


74,160 


10.98 


37.76 


22.17 


52.00 


606.47 


74,880 


11.19 


38.13 


22.60 


52.50 


618.41 


75,600 


11.41 


38.49 


23.03 


53.00 


630.14 


76,320 


11.63 


38.85 


23.46 


53.50 


641.99 


77,040 


11.85 


39.22 


23.91 


54.00 


654.27 


77,760 


12.08 


39.58 


24.35 


54.50 


662.44 


78,480 


12.30 


39.94 


24.80 


55.00 


674.55 


79,200 


12.52 


40.31 


25.26 


55.50 


687.10 


79,920 


12.76 


40.67 


25.71 


56.00 


699.43 


80,640 


12.99 


41.03 


26.17 


56.50 


711.87 


81,360 


13.22 


41.39 


26.63 


57.00 


724.41 


82,080 


13.45 


41.76 


2*7 ■•1 


57.50 


733.09 


82,800 


13.69 


^2.12 


27.58 


58.00 


745.78 


83,520 


13.93 


42.48 


28.05 


58.50 


758.59 


84,240 


14.17 


42.85 


28.54 


59.00 


767.29 


84,960 


14.42 


43.21 


29.03 


59.50 


780.23 


85,680 


14.66 


43.67 


29.61 


60.00 


793.29 


86,400 


14.90 



FRICTION OP WATER IN SMOOTH PIPES. 35 
DIAMETEE THEEE^FOUETH INOH. 



Moan 
VfiLocJty 
of Water 

In Ft. 
per 


fieodln 

Ft. re- 

tiuired to 

prodncfl 

thlH 
Vp4ocitT. 


DfBcbarge 
in ir, 8. 
GalJoHiA 

per 
MinuLo, 


Low of 
Head in 
Ft. duuto 
Fri<rtion, 

pyr 
100 Ft. 


Blicharge 
in 0. H. 
G aliens 

2i Hour*. 


Lew of 

Ft. du^ 

totba 

Oiinoi. of 

Inflnjc^ 


43.94 


30.02 


60.50 


806.82 


87,120 


15.16 


44.30 


30.51 


61.00 


820,09 


87,840 


15.41 


44.66 


31.01 


61.50 


823.52 


88,560 


15,66 


45.03 


31.52 


62.00 


842.30 


89,280 


16.92 


45.39 


32.03 


62.50 


855.82 


90,000 


16.17 


45.75 


32.54 


63.00 


869.45 


90,720 


16.43 


46,11 


33.05 


63.50 


883,19 


91,440 


16.69 


46.48 


33.59 


64.00 


897.42 


92,160 


16.96 


46.84 


3411 


64.50 


905.92 


92,880 


17.22 


47.20 


34.63 


65.00 


919.90 


93,600 


17.49 


47.57 


35.18 


65.50 


93437 


94,320 


17.77 


47.93 


35.71 


66.00 


948,57 


95,040 


18.04 


48.29 


36.25 


66.50 


962.87 


96,760 


18.31 


4SLm 


36,81 


67.00 


977.69 


96,480 


18.59 


49.02 


37.36 


67.50 


992.20 


97,200 


18.87 


49.38 


37.91 


68.00 


1,006.83 


97,920 


19. U 


49.75 


38.48 


68.50 


1,015.82 


98,640 


19.43 


£0.11 


39.04 


69.00 


1,030.57 


99,360 


19.71 



36 FRICTION OF WATER IK SMOOTH PIPES. 



DIAHETEB ONE IITOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
inU. b. 
Gallons 

M^ute. 


Loss of 

Head in 

Ft. due to 

Friction, 

per 

100 Ft. 


Discharge 

in U. S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


0.41 


0.00 


1.00 


0.17 


1,440 


0.00 


0.82 


0.01 


2.00 


0.53 


2,880 


0.01 


1.23 


0.02 


3.00 


1.04 


4,320 


0.01 


1.63 


0.04. 


4.00 


1.65 


5,760 


0.02 


2.04 


0.06 


5.00 


2.43 


7,200 


0.03 


2.45 


0.09 


6.00 


3.29 


8,640 


0.05 


2.86 


0.13 


7.00 


4.38 


10,080 


0.06 


3.27 


0.17 


8.00 


5.45 


11,520 


0.08 


3.68 


0.21 


9.00 


6.64 


12,960 


0.11 


4.08 


0.26 


10.00 


8.04 


14,400 


0.13 


4.49 


0.31 


11.00 


9.44 


15,840 


0.16 


4.90 


0.37 


12.00 


10.93 


17,280 


0.19 


5.31 


0.44 


13.00 


12.73 


18,720 


0.22 


6.72 


0.51 


14.00 


14.47 


20,160 


0.26 


6.13 


0.58 


15.00 


16.26 


21,600 


0.30 


6.54 


0.66 


16.00 


18.35 


23,040 


0.34 


6.94 


0.75 


17.00 


20.31 


24,480 


0.38 


7.35 


0.84 


18.00 


22.68 


25,920 


0.42 


7.76 


0.94 


19.00 


24.83 


27,360 


0.47 


8.17 


1.04 


20.00 


27.15 


28,800 


0.52 


8.58 


1.14 


21.00 


29.66 


30,240 


0.58 


8.99 


1.26 


22.00 


32.27 


31,680 


0.63 


9.40 


1.37 


23.00 


34.95 


33,120 


0.69 


9.80 


1,49 


24.00 


3730 


34,560 


0.75 



FRICTION OP WATKR IN SMOOTH PIPES. 37 



SIAMETEB OHE INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Diaobarge 
in U. 8. 
GHkilons 

per 
Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 
per 

100 Ft. 


Discharge 
in U. 8. 
Gallons 

24 fours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


10.21 


1.62 


25.00 


40.84 


36,000 


0.82 


10.62 


1.75 


26.00 


43.76 


37,440 


0.89 


11.03 


1.89 


27.00 


46.75 


38,880 


0.96 


11.44 


2.03 


28.00 


49.81 


40,320 


1.03 


11.85 


2.18 


29.00 


53.18 


41,760 


1.10 


12.26 


2.33 


30.00 


56.83 


43,200 


1.18 


12.66 


2.49 


31.00 


60.10 


44,640 


1.26 


13.07 


2.66 


32.00 


63.74 


46,080 


1.34 


13.4S 


2.82 


33.00 


67.12 


47,520 


1.43 


13.89 


3.00 


34.00 


70.91 


48,960 


1.51 


14.30 


3.18 


35.00 


74.77 


50,400 


1.61 


14.71 


3.36 


36.00 


79.12 


51,840 


1.70 


15.11 


3.55 


37.00 


83.06 


53,280 


1.79 


15.52 


3.74 


38.00 


86.73 


54,720 


1.89 


15.93 


3.95 


39.00 


90.90 


56,160 


1.99 


16.34 


4.15 


40.00 


95.14 


57,600 


2.10 


16.75 


4.36 


41.00 


99.97 


59,040 


2.20 


17.16 


4.58 


42.00 


104.37 


60,480 


2.31 


17.57 


4.80 


43.00 


108.85 


61,920 


2.42 


17.97 


5.02 


44.00 


113.26 


63,360 


2.54 


18.38 


5.25 


45.00 


118.48 


64,800 


2.65 


18.79 


5.49 


46.00 


123.17 


66,240 


2.77 


19.20 


5.73 


47.00 


128.60 


67,680 


2.89 


19,61 


5.98 


48.00 


133.44 


69,120 


. ^M 



38 FKICnON OP WATER IN SMOOTH PIPES. 

DIAMETER OHE DTOH. 



Y«torit7 
of Water 

mFt. 

per 
8«eona. 


HMidin 

qiiii«dt)0 
prc^aie 

this 
T«loeity. 


Dischaice 
inr.8. 
GalkiDS 

)£nte. 


Loesof 

Head in 

Ft. due to 

Friction, 

per 

100 Ft. 


Discbaige 
in U.S. 
Gallons 

24 Hours. 


Tx>flROf 

Head in 

Ft. due 

to the 

Orifice of 

Tnflnr, 


aai>2 


6.23 


49.00 


138.33 


70,560 


3.15 


:20.4i 


6.48 


50.00 


143.91 


72,000 


3.27 


«X83 


6.75 


51.00 


148.94 


73,440 


3.41 


21^4 


7.01 


52.00 


154.86 


74,880 


3.54 


21.65 


7.29 


53.00 


160.02 


76,320 


3.68 


22.06 


7.57 


54.00 


166.14 


77,760 


3.82 


22.47 


7.85 


55.00 


172.37 


79,200 


3.96 


22.88 


8.14 


56.00 


176.77 


80,640 


4.11 


23.28 


8.43 


57.00 


183.00 


82,080 


4.25 


23.69 


8.72 


58.00 


188.46 


83,520 


4.41 


24.10 


9.03 


59.00 


195.04 


84,960 


4.56 


24.51 


9.34 


60.00 


200.61 


86,400 


4.72 


24.92 


9.65 


61.00 


207.38 


87,840 


4.88 


26.33 


9.97 


62.00 


214.26 


89,280 


5.04 


25.74 


10.30 


63.00 


220.01 


90,720 


6.20 


26.14 


10.62 


64.00 


226.90 


92,160 


5.36 


26.55 


10.96 


65.00 


232.76 


93,600 


6.53 


20.96 


11.30 


66.00 


240.01 


95,040 


6.71 


27.37 


11.65 


67.00 


247.36 


96,480 


6.88 


27.78 


12.00 


68.00 


253.39 


97,920 


6.06 


28.19 


12.35 


69.00 


260.92 


99,360 


6.24 


28.59 


12.71 


70.00 


266.85 


100,800 


6.42 


29.00 


13.07 


71.00 


274.56 


102,240 


6.60 


29,41 


13.45 


72.00 


282.38 


103,680 


6.79 



FRICTION OP WATER IN SMOOTH PIPES. 39 



DIAUETEB OHE INOH. 



Heaa 
Telocity 
of Water 

in Ft. 

par 

Becond^ 


HeadJn 

Ft. re- 

qtillvd to 

ijrodTMss 

tbis 
Velocity, 


in U. S. 
GoJlionfi 

per 
MfTint«. 


Loftaof 

H^iid tn 

Ft. due to 

IVlctipH,, 

per 


in Ur B. 
GtLlionB 

per 
U Honn, 


Head in 
Ft. due 
tqthe 
Oriflouof 
Inflitat 


29.82 


13.32 


73,00 


288.65 


105,120 


6.98 


^.28 


14,21 


74.00 


296,64 


106,560 


7.17 


30.64 


14.60 


75.00 


302.99 


108,000 


7.37 


31>0& 


14.99 


76.00 


311.16 


109,440 


7.57 


3L45 


15.38 


77,00 


319.22 


110,880 


7.77 


31.66 


15,78 


78.00 


327,00 


112,320 


7.97 


33.37 


16.19 


79,00 


336.09 


113,760 


8.18 


32,68 


16.60 


80,00 


342.69 


115,200 


8.38 


33.09 


17,02 


81.00 


361.34 


110,640 


8,60 


33,50 


17.46 


82.00 


360.10 


118,080 


8,81 


33.01 


17.88 


83.00 


366.83 


119,620 


9.03 


34,31 


18.30 


84.00 


375,53 


120,960 


9.24 


34.72 


18.74 


85.00 


384.56 


122,400 


9.46 


35.13 


19.19 


86,00 


393,70 


123,840 


9.69 


35,54 


19.64 


87,00 


400,58 


125,280 


9.92 


35.95 


20.09 


-^8.00 


409,88 


126,720 


10.15 


3C.36 


20,56 


89,00 


419.28 


128,160 


10.38 


36.76 


21,01 


90.00 


428.56 


129,600 


10.31 


37-17 


2L48 


91.00 


438.17 


131,040 


10,85 


37.58 


21.96 


92.00 


445.26 


132,480 


11,00 


97,99 


22,44 


93,00 


455.02 


133,920 


11.33 


38.4€ 


22.92 


9^00 


464.90 


135,360 


11,58 


38.81 


23.43 


95,00 


474.88 


136,800 


11.83 


39,23 


23.91 


96.00 


484.97 


138,240 


12,08 



40 FRICTION OF WATER IN SMOOTH PIBES. 

DIAHETEB OHE DTOH. 



H4*u 

In Ft. 
ptr 


Hebd in 
Ft re- 
quired to 
prfidcc* 

thli 
Yiihodif. : 


1 

Dii»cbAifge 

in tr, B. 

utaula. 


LfXAOf 

Head in 
Ft. due to 
EYiotJoQ. 

pee 
IWPt 


In u. a, 
04llmu 

34 B^. 


Lottnf 

Hetidin 

' Ft, dn^ 

Oriflcmni 
Indni. 


39,e2 


24.40 


97.00 


491.98 


139,680 


12.32 


40.03 


24.91 


98.00 


502.21 


141,120 


12 68 


40.44 


25.43 


99.00 


1 512.55 


143,560 


12.84 


40.85 


25.94 


100.00 


, 523.00 


144,000 


13.10 


41.26 


26.47 


101.00 


633.65 


145,440 


13.37 


41.67 


26,99 


103.00 


540.97 


146,880 


13.63 


42.08 


27.53 


103.00 


651,67 


148,320 


13.90 


42.48 


28.05 


104.00 


562.20 


149,760 


14,17 


42.89 


98.60 


105,00 


573.11 


161,200 


14.44 


43.30 


29.16 


106.00 


584.12 


152,640 


14.72 


43.71 


20.70 


107 00 


591,67 


164,080 


16.00 


44.12 


30.26 


108.00 


602.82 


165,620 


16.98 


44.53 


30.83 


109.00 


614.08 


156,960 


15.57 


44.93 


31. 3B 


110.00 


635,16 


158,400 


15.86 


45.34 


n.M 


111.00 


63^62 


159,840 


16.14 


46.75 


32.54 


112.00 


644 28 


161,280 


16.47 


4fi.l6 


33.13 


113.00 


655.88 


162,720 


16.73 


46.57 


33.73 


114.00 


667.58 


164,160 


17 03 


46.98 


34.31 


115.00 


679.39 


165,600 


17.33 


4139 


34.91 


116.00 


691.30 


167,040 


17.63 


47.79 


35.51 


117.00 


698.76 


168,480 


17.93 


48.20 


36.12 


118.00 


710.80 


169,920 


13.24 


48.61 


36.73 


119.00 


729.94 


171,360 


18.56 


4H.oa 


37.36 


120.00 


736.19 


172,800 


18,87 



FRICTION OF WATEK IN SMOOTH PIPES. 41 
DIAHETEB OHE DTOH. 



Mean 
Velocty 
of Water 

in Ft. 

per 

Second. 



49.43 
49.84 
50.26 



Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 



37.98 
38.62 
39.26 



Discharge 
inU. H. 
(Gallons 

per 
Minute. 



121.00 
122.00 
123.00 



Loss of 

Head in 

Ft. due to 

Friction, 

per 

100 Ft. 



747.54 
759.99 
772.66 



Discharge 

inU. 8. 

Gallons 

per 

24 Hours. 



174,240 
175,680 
177,120 



LOSA of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 



19.18 
19.50 
19.82 



42 FRICTION OP WATER IN SMOOTH PIPES. 

DIAMETEE ONE AND ONE-FOUETH INCH, 



Mean 

Velocity 

of Water 

in Ft. 

per 

8<icond. 


Head in 
Ft. re- 
quired to 
profluce 

this 
Velocity. 


Discharge 
inU. «. 
Gallons 

Minute. 


Loss of 

Head in 

Ft.dut to 

Friction, 

per 

100 Ft. 


Discharge 
in U. S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
totbe 
Orifice of 


0.39 


0.00 


1.50 


0.12 


2,160 


0.00 


0.78 


0.01 


3.00 


0.37 


4,320 


0.00 


1.18 


0.02 


4.50 


0.74 


6,480 


0.01 


1.57 


0.04 


6.00 


1.19 


8,640 


0.02 


1.96 


0.06 


7.50 


1.75 


10,800 


0.03 


2.35 


0.09 


9.00 


2.41 


12,960 


0.04 


2.75 


0.12 


10.50 


3.14 


15,120 


0.06 


3.14 


0.15 


12.00 


3.91 


17,280 


0.08 


3.53 


0.19 


13.50 


4.84 


19,440 


0.10 


3.92 


0.24 


15.00 


5.78 


21,600 


0.12 


4.31 


0.29 


16.50 


6.88 


23,760 


0.16 


4.71 


0.34 


18.00 


7.98 


25,920 


0.17 


5.10 


0.40 


19.50 


9.24 


28,080 


0.20 


5.49 


0.47 


21.00 


10.53 


30,240 


0.24 


5.88 


0.54 


22.50 


11.82 


32,400 


0.27 


6.27 


0.61 


24.00 


13.32 


34,560 


0.31 


6.67 


0.69 


25.50 


14.81 


36,720 


0.35 


7.06 


0.77 


27.00 


16.44 


38,880 


0.39 


7.45 


0.86 


28.50 


18.06 


41,040 


0.44 


7.84 


0.96 


30.00 


19.91 


43,200 


0.48 


8.24 


1.06 


31.50 


21.69 


45,360 


0.53 


8.63 


1.16 


33.00 


23.45 


47,520 


0.58 


9.02 


1.26 


34.50 


25.50 


49,680 


0.64 


^,41 


1.38 


36.00 


27.49 


51,840 


0.70 



FRICTION OP WATER IN SMOOTH PIPES. 



43 



DIAHETEB OHE AST) OlSfE-FOTJBTH DTOH. 



Mean 

Velocity 

of Water 

in Ft. 

per 
Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
inU. ». 
Gallons 

mante. 


T.nHRof 
Head in 
Ft. due to 
Friction. 

100 Ft. 


Discharge 
in U. S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


9.80 


1.49 


37.50 


29.67 


54,000 


0.75 


10.20 


1.62 


39.00 


31.99 


56,160 


0.82 


10.59 


1.74 


40.50 


34.14 


58,320 


0.88 


10.98 


1.87 


42.00 


36.35 


60,480 


0.95 


11.37 


2.01 


43.50 


38.78 


62,640 


1.01 


11.76 


2.15 


45.00 


41.07 


64,800 


1.09 


12.16 


2.30 


46.50 


43.92 


66,960 


1.10 


12.55 


2.45 


48.00 


46.54 


69,120 


1.24 


12.94 


2.60 


49.50 


48.98 


71,280 


1.31 


13.33 


2.76 


51.00 


51.71 


73,440 


1.40 


13.73 


2.93 


52.50 


54.86 


75,600 


1.48 


14.12 


3.10 


54.00 


57.73 


77,760 


1.57 


14.51 


3.27 


55.50 


60.33 


79,920 


1.65 


14.90 


3.45 


57.00 


63.29 


82,080 


1.74 


15.29 


3.63 


58.50 


66.29 


84,240 


1.84 


15.69 


3.83 


60.00 


69.81 


86,400 


1.93 


16.08 


4.02 


61.50 


72.93 


88,500 


2.03 


16.47 


4.22 


63.00 


76.11 


90,720 


2.13 


16.86 


4.42 


64.50 


79.33 


92,880 


2.23 


17.25 


4.63 


66 00 


83.05 


95,040 


2.34 


17.65 


4.84 


67.50 


86.48 


97,200 


2.45 


18.04 


5.06 


69.00 


90.34 


99,360 


2.56 


18.43 


5.28 


70.50 


93.78 


101,520 


2.67 


18.82 


5.51 


72.00 


97.26 


103,680 


2.78 



44 FBICnON OF WATER IN SMOOTH PIPES. 
DTAWT.TEB ONE AND OHE-FOUBTH INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

Mmute. 


Loss of 

Head in 

Ft. due to 

Friction, 

per 

100 Ft. 


Discharge 
in U.S. 
Gallons 

24 Sours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


19.22 


5.74 


73.50 


101.44 


105,840 


2.90 


19.61 


5.98 


75.00 


105.03 


108,000 


3.02 


20.00 


6.22 


76.50 


108 65 


110,160 


3.14 


20.39 


6.46 


78.00 


112.93 


112,320 


3.26 


20.78 


6.71 


79.50 


116.65 


114,480 


3.39 


21.18 


6.97 


81.00 


121.18 


116,640 


3.52 


21.57 


7.23 


82.50 


124.99 


118,800 


3.65 


21.96 


7.50 


84.00 


129.55 


120;960 


3.79 


22.35 


7.77 


85.50 


134.19 


123,120 


3.92 ' 


22.75 


8.05 


87.00 


137.49 


125,280 


4.06 


23.14 


8.32 


88.50 


142.25 


127,440 


4.20 


23.53 


8.61 


90.00 


146.26 


129,600 


4.35 


23.92 


8.90 


91.50 


151.14 


131,760 


4.49 


24.31 


9.19 


93.00 


156.11 


133,920 


4.64 


24.71 


9.49 


94.50 


161.29 


136,080 


4.79 


25.10 


9.79 


96.00 


166.43 


138,240 


4.95 


25.49 


10.10 


97.50 


171.64 


140,400 


5.10 


25.88 


10.41 


99.00 


175.93 


142,560 


5.26 


26.27 


10.73 


100.50 


181.27 


144,720 


5.42 


26.67 


11.06 


102.00 


185.77 


146,880 


5.58 


27.06 


11.38 


103.50 


191.25 


149,040 


5.76 


27.45 


11.71 


105.00 


196.80 


151,200 


5.92 


27.84 


12.05 


106.50 


201.27 


153,360 


6.08 


2S.24: } 


12.40 


108.00 


207.10 


155,520 


6.26 



FBICnON OF WATEB m SMOOTH PIFB8. 45 
DIAHETEB 0H£ AHD OHE-FOUfiTH IHOH. 



m^ 1 

Yelooityl 
of Water 

in Ft 
per 

8<£oDd. 


Head in 
Ft. re- 
quired to 
produce 

thlB 

Velocity. 


Discharge 
in U.S. 
GaUone 

liimtte. 


Loss of 
Head in 
Ft. due to 
Friction. 

lOOFt. 


Discharge 

in U.S. 
Gallons 

24Hoai8. 


Loss of 
Head in 
Ft. line 
totbe 
Orifice of 

TnfliiT, 


28.63 


12.74 


109.50 


211.63 


157,680 


6.44 


29.02 


13.09 


111.00 


217.44 


159,840 


6.61 


29.41 


13.45 


112.50 


223.32 


162,000 


6.79 


29.80 


13.81 


114.00 


227.96 


164,160 


6.97 


30.20 


14.18 


115.50 


234.12 


166,320 


7.16 


30.59 


14.55 


117.00 


240.21 


168,480 


7.35 


30.98 


14.92 


118.60 


246.37 


170,640 


7.53 


3L37 


15.30 


120.00 


252.61 


172,800 


7.73 


31.76 


15.68 


121.50 


257.43 


174,960 


7.92 


32.16 


16.08 


123.00 


263.95 


177,120 


8.12 


32.55 


16.47 


124.50 


268.81 


179,280 


8.32 


32.94 


16.87 


126.00 


275.29 


181,440 


8.62 


33.33 


17.27 


127.50 


281.85 


183,600 


8.72 


33.73 


17.69 


129.00 


288.65 


185,760 


8.93 


34.12 


18.10 


130.50 


295.37 


187,920 


9.14 


34.51 


18.51 


132.00 


300.38 


190,080 


9.35 


34.90 


18.94 


133.50 


307.21 


192,240 


9.56 


35.29 


19.36 


135.00 


314.12 


194,400 


9.78 


35.69 


19.80 


136.50 


319.38 


196,560 


10.00 


36.08 


20.24 


138.00 


326.39 


198,720 


10.22 


86.47 


20.68 


139.50 


333.49 


200,880 


10.44 


86.86 


21.12 


141.00 


340.66 


203,040 


10.67 


37.26 


21.57 


142.50 


347.90 


205,200 


10.89 


fLtf J 


^04 , 


144.00 


353.30 i 


S07^S60 i 


ILIS 



46 FRICTION OP WATER IN SMOOTH PIPES. 



BIAMETEE ONE AND ONH-POUETH INOHo 



tS.ean 
Velocity 
of WaU?r 

in Ft. 

per 
Sff-ond. 


Hao^l In 
Ft. In- 
quired to 
produce 

italB 
Vrfodty, 


Id O, *i. 
GaUnUft 

MjnutA. 


IrfWBOf 

BDJid In 

Ft. dni^to 1 

Friction, 

per 

1001^ 


DlBnll&rgQ 
in U. 8. 
Oalloaa 

MHoUTfi. 


Lwflof 
H^4d in 
Ft, dufl 
to the 
Oriole or 
tnflnx. 


38,04 


22.50 


145.50 


360.66 


209,520 


11.36 


38.43 


22.96 


147-00 


368.00 


211,080 


11.59 


3S.t^2 


23.43 


148.50 


373.35 


213,840 


11.83 


39.22 


23.91 


150.00 


381.09 


216^000 


12.0g 


39.61 


24.39 


151.50 


388.70 


218.160 


12,32 


40.00 


24.87 


153.00 


396.39 


220,320 


13.56 


4D.39 


25.36 


154.50 


404.16 


222,480 


msi 


40.76 


25.85 


156.00 


400.52 


224,640 


13.06 


41.18 


26.36 


157.50 


417.59 


226,800 


13.31 


41.57 


26.87 


159.00 


425.54 


228,960 


13.57 


UM 


27.37 


160.50 


433.56 


231,120 


13.82 


42.35 


27.88 


162.00 


441.66 


233^280 


14.08 


42.75 


28.41 


163.50 


447.32 


1 235,440 


14.35 


43.14 


28.03 


165.00 


455.51 


237,600 


14.61 


43.53 


29.46 


166.50 


463.79 


239,760 


14.88 


43.92 


29.99 


16W.0O 


472.13 


241,920 


15.14 


44.31 


30,62 


169.50 


480.56 


244,080 


15,41 


44.71 


3L08 


171.00 


489.27 


246,240 


15.69 


45.10 


31.G2 


172.60 


497.85 


248,400 


15.97 


45.49 


32.17 


174.00 


506.49 


250,560 


16.25 


45.83 


32.72 


175,50 


512.07 


252,720 


16w53 


46.27 


33.28 


177.00 


520.82 


254,880 


16.81 


46.67 


33.86 


178.50 


529-86 


257,t>40 


17.10 


47.06 i 


34.43 


180.00 


538.75 


259,200 


17.39 



PBICnON OF WATER IN SMOOTH PIPES. 47 



DIAHETEB OSE AND OHE-FOTTBTH DrOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 
Second. 



47.45 
47.84 
48.24 
48.63 
49.02 
49.41 
49.80 
50.20 



Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 



35.00 
35.68 
36.18 
36.77 
37.36 
37.95 
38.56 
39.18 



Discbarge 
in U. 8. 
Gallons 

per 
Minnte. 



181.50 
183.00 
184.50 
186.00 
187.50 
•189.00 
190.50 
192.00 



Loss of 
Head in 
Ft. due to 
Friction, 

per 
100 Ft. 



547.72 
553.34 
562.64 
571.77 
580.98 
590.26 
599.61 
609.29 



Discharge 

inU H. 

Oallcns 

per 

24 Hours. 



Loss of 
Head in 
Ft. due 
to the 
Orinco of 
Influx. 



261,360 
263,520 
265,680 
267,840 
270,000 
272,160 
274,320 
276,480 



17.68 
17.97 
18.27 
18.57 
18.87 
19.17 
19.47 
19.78 



48 FRICTION OF WATEB IN SMOOTH PIPES. 



DIAMETEE OBE AM) OHE-HALT DfOH. 


Mean 
orvTattfT 

tort, 

Becond. 


Head la 
Ft. re- 
quired Id 

tills 
Telocity. 


Biw^taRTge 
In C.K 
G&lloDS 

per 
Mtante. 


Lou of 

Ft . d ue to 
PrictJon. 

iDUFt, 


Blflchaingo 
la 0. a, 
0iillonB 


Head In 
Ft, due 
to the 
OrifteiSPf 
InAux 


0,30 


0.00 


2.00 


o,oe 


2,880 


0.00 


0.73 


0.01 


400 


0.27 


6,760 


0.00 


1.09 


0.02 


6.00 


0.54 


8,040 


0,01 


L45 


0,03 


8.00 


0,85 


11,520 


0.02 


1.S2 


0.05 


10,00 


1.24 


14,400 


0,03 


aj8 


0.07 


12.00 


1.69 


- 17,280 


0.04 


2.54 


0,10 


14.00 


2.23 


20,160 


0.06 


3.90 


0.13 


ICOO 


2.77 


23,040 


0.07 


3.27 


0,17 


18.00 


3.4e 


25,920 


0.06 


3. S3 


0.S0 


30,00 


4.10 


28,800 


0.10 


3,99 


0.26 


22.00 


4.87 


31,680 


0.12 


4. 36 


0,30 


24,00 


5.72 


34,560 


0.15 


4,72 


0.35 


26.00 


6.54 


37,440 


0.17 


MB 


0.40 


28.00 


7.48 


40,320 


0.^ 


5w45 


0.46 


30.00 


8.42 


43,200 


0.23 


6.81 


0,52 


32,00 


9.49 


46,080 


0.27 


fl,17 


0.59 


34.00 


10.51 


48,960 ^ 


0.30 


a54 


0.66 


30.00 


11.70 


51,840 


0.34 


e.90 


0*74 


38.00 


12.85 


54,720 


0.37 


7.26 


0.82 


40.00 


14,09 


57,600 


0.41 


7M 


0.91 


42.00 


15-35 


60,480 


0.46 


7.99 


0,99 


44.00 


16.75 


63,360 


0,50 


B,35 


1.08 


46.00 


18.21 


66,240 


0.55 


S.71 ^ 


1.18 


moo 


19.53 


G9,mt , 


afio 



FRICTION OF WATER IN SMOOTH PIPES. 49 

DIAMETEB ONE AITD OITE-HALF INOH. 



Mean 
"Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
inU. B. 
GalloiiB 

^ute. 


IX)89Cf 

Head in 
Ft. due to 
Friction, 

l(WTt, 


Discharge 
in U.S. 
Gallons. 

24 Hours. 


Lobs of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


9.08 


1.28 


50.00 


21.12 


72,000 


0.65 


9.44 


1.39 


52.00 


22.61 


74,880 


0.70 


9.80 


1.49 


54.00 


24.25 


77,760 


0.75 


10.17 


1.61 


56.00 


25.98 


80,640 


0.81 


10.53 


1.72 


58.00 


27.58 


83,520 


0.87 


10.89 


1.84 


60.00 


29.20 


86,400 


0.93 


11.26 


1.97 


62.00 


31.06 


89,280 


1.00 


11.62 


2.10 


64.00 


33.08 


92,160 


1.06 


11.98 


2.23 


66.00 


34.81 


95,040 


1.13 


12.35 


2.37 


68.00 


36.80 


97,920 


1.20 


12.71 


2.51 


70.00 


38.98 


100,800 


1.27 


13.07 


2.66 


72.00 


41.00 


103,680 


1.34 


13.43 


2.80 


74.00 


42.85 


106,560 


1.42 


13.80 


2.96 


76.00 


45.00 


109,440 


1.50 


14.16 


3.12 


78.00 


47.38 


112,320 


1.57 


14.52 


3.28 


80.00 


49.56 


115,200 


1.66 


14.89 


3.45 


82.00 


51.84 


118,080 


1.74 


15.25 


3.62 


84.00 


54.38 


120,960 


1.83 


15.61 


3.79 


86.00 


56.67 


123,840 


1.91 


15.98 


3.97 


88.00 


59.07 


126,720 


2.00 


16.34 


4.15 


90.00 


61.43 


129,600 


2.10 


16.70 


4.34 


92.00 


64.17 


132,480 


2.19 


17.07 


4.53 


94.00 


66.68 


135,360 


2.^ 


17.48 


4.72 


96.00 


69.52 


138,240 


2.39 



50 PBICnON OP WATER IN SMOOTH PIPES. 
DIAMETEB ONE AND ONE-HALF nrOE. 



Mean 
Velocity 
of Water 

in Ft. 

per 

8econd. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

Miu^ute. 


Loss of 

Head in 

Ft. due to 

Friction, 

per 

100 Ft. 


Discharge 
in U. 8. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 

TtiAtit, 


17.79 


4.92 


98.00 


72.03 


141,120 


2.48 


18.16 


5.13 


100.00 


75.06 


144,000 


2.59 


18.52 


5.33 


102.00 


77.64 


146,880 


2.69 


18.88 


5.54 


104.00 


80.24 


149,760 


2.80 


19.24 


5.75 


106.00 


83.33 


152,640 


2.91 


19.61 


5 98 


108.00 


86.09 


155,520 


3.02 


19.97 


6.20 


110.00 


89.28 


158,400 


3.13 


20.33 


6.43 


112.00 


92.53 


161,280 


3.24 


20.70 


6.66 


114.00 


94.86 


164,160 


3.36 


21.06 


6.90 


116.00 


98.19 


167,040 


3.48 


21.42 


7.13 


118.00 


101.57 


169,920 


3.60 


21.79 


7.38 


120.00 


104.52 


172,800 


3.73 


22.15 


7.63 


122.00 


108.00 


175,680 


3.85 


22.51 


7.88 


124.00 


110.91 


178,560 


3.98 


22.88 


8.14 


126.00 


114.59 


181,440 


4.11 


23.24 


8.40 


128.00 


118.22 


184,320 


4.24 


23.60 


8.66 


130.00 


121.22 


187,200 


4.37 


23.97 


8.93 


132.00 


125.05 


190,080 


4.51 


24.33 


9.20 


134.00 


128.84 


192,960 


4.65 


24.69 


9.48 


136.00 


131.92 


195,840 


4.79 


25.05 


9.76 


138.00 


135.79 


198,720 


4.93 


25.42 


10.05 


140.00 


139.84 


201,600 


5.07 


25.78 


10.33 


142.00 


143.00 


204,480 


5.22 


26.14 


, 10.62 


144.00 


147.02 


207,360 


i;.36 



PEICTION OP WATER IN SMOOTH PIPES. 



51 



DIAMETEB OITE AND OlfE-HAT.T IHOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 

Ft. re- 

qnired to 

produce 

this 
Velocity. 


Discharge 
in U. S. 
Gallons 

Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 

100 Ft. 


Discharge 
in U.S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 


26.51 


10.93 


146.00 


150.34 


210,240 


5.52 


26.87 


11.22 


148.00 


154.45 


213,120 


5.67 


27.23 


11.53 


150.00 


158.61 


216,000 


5.82 


27.60 


11.84 


152.00 


162.95 


218,880 


5.98 


27.96 


12.15 


154.00 


167.23 


221,760 


6.14 


28.32 


12.47 


156.00 


171.57 


224,640 


6.30 


28.69 


12.80 


158.00 


175.06 


227,520 


6.46 


29.05 


13.12 


160.00 


179.48 


230,400 


6.63 


29.41 


13.45 


162.00 


183.95 


233,280 


6.79 


29.77 


13.78 


164.00 


187.38 


236,160 


6.96 


30.14 


14.12 


166.00 


192.07 


239,040 


7.13 


30.50 


14.46 


168.00 


196.68 


241,920 


7.30 


30.86 


14.81 


170.00 


200.17 


244,800 


7.48 


31.23 


15.16 


172.00 


205.00 


247,680 


7.66 


31.59 


15.51 


174.00 


208.51 


250,560 


7.83 


31.95 


15.87 


176.00 


213.29 


253,440 


8.01 


32.32 


16.24 


178.00 


218.26 


256,320 


8.20 


32.68 


16.60 


180.00 


223.15 


259,200 


8.38 


33.04 


16.97 


182.00 


228.09 


262,080 


8.57 


33.41 


17.35 


184.00 


233.23 


264,960 


8.76 


33.77 


17.73 


186.00 


236.86 


267,840 


8.95 


34.13 


18.11 


188.00 


241.94 


270,720 


9.15 


34.50 


18.50 


190.00 


247.21 


273,600 


9.34 


34.86 


18.89 


192.00 


252.40 


276,480 


9.54 



52 FBICnON OF WATEB IN SMOOTH PIPES. 

DIAMETEB OHE ABD 0]7£-HALF IHOE. 



Mean 
Velocity 
of Water 

in Ft. 

per 
Second. 


Head in 

Ft. re- 

qnlredto 

produce 

this 
Velocity. 


DiMcharge 
in U. 8. 
GaUons 

H^te. 


L<88 0f 

Head in 
Ft. dneto 
Friction, 

100 Ft. 


Discharge 
inU. 8. 
Oallona 

24 Hours. 


Loss of 
Head in 
l*^. due 

to the 
Oiiflceof 

Influx. 


35.22 


19.28 


194.00 


257.64 


279,360 


9.74 


35.58 


19.68 


196.00 


261.36 


282,240 


9.94 


35.95 


20.09 


198.00 


266.82 


285,120 


10.15 


36.31 


20.50 


200.00 


272.19 


288,000 


10.35 


36.67 


20.90 


202.00 


277.62 


290,880 


10.56 


37.04 


21.33 


204.00 


283.25 


293,760 


10.77 


37.40 


21.75 


206.00 


288.78 


296,640 


10.98 


37.76 


22.17 


208.00 


292.59 


299,520 


11.19 


38.13 


22.60 


210.00 


298.36 


302,400 


11.41 


38.49 


23.03 


212.00 


304,02 


305,280 


11.63 


38.85 


23.46 


214.00 


309.73 


308,160 


11.85 


39.22 


23.91 


216.00 


315.66 


311,040 


12.08 


39.58 


24.35 


218.00 


319.53 


313,920 


12.30 


39.94 


. 24.80 


220.00 


325.37 


316,800 


12.52 


40.30 


25.25 


222.00 


331.26 


319,680 


12.75 


40.67 


25.71 


224.00 


337.37 


322,560 


12.99 


41.03 


26.17 


226.00 


343.37 


325,440 


13.22 


41.39 


26.63 


228.00 


349.42 


328,320 


13.45 


41.76 


27.11 


230.00 


353.53 


331,200 


13.69 


42.12 


27.58 


232.00 


359.65 


334,080 


13.93 


42.48 


28.05 


234.00 


365.83 


336,960 


14.17 


42.85 


28.54 


236.00 


372.23 


339,840 


14.42 


43.21 


29.03 


238.00 


378.51 


342,720 


14.66 


43.57 


29.51 


240.00 


382.48 


345,600 


14.90 



PWCnON OF WATER IN SMOOTH PIPES. 55 

DIAHETES OBE AlTD OITE-HALF INOH. 



Velocity 

oi Wuter 

in Ft. 

per 


HeadlE 
Ft- re- 
quired to 
proclTice 

Velocity. 


LU U. w. 
OalloiiB 

per 
MlnntB, 


fieAdla 
Ft, dufto 

peT 
lDt»FL 


GtllcnA 

per 
2i Hoa», 


I'OH Of 

HeadJik 

tatliti 

OrinciD oi 

InSu, 


43.94 


30.02 


242,00 


389,00 


348,480 


15.16 


4L30 


30,51 


244,00 


395.40 


351,360 


15,41 


44.66 


31.01 


246.00 


401,86 


354,240 


15.66 


46*03 


SL52 


248.00 


408.54 


357,120 


15.92 


45.^ 


32.03 


250.00 


415,10 


360,000 


16.17 


45u75 


32,54 


252,00 


421,71 


362,880 


16.43 


40.11 


33.05 


254.00 


428.37 


365,760 


16.69 


46.48 


33.59 


256,00 


435,28 


368,640 


16.96 


46.84 


34.11 


258.00 


439.32 


371,520 


17.22 


47.20 


34.63 


260.00 


446,10 


374^400 


17.49 


47.57 


35.18 


262,00 


453.12 


377,280 


17.77 


47.93 


35.71 


2G4.00 


460.00 


380,160 


18.04 


48.29 


36.26 


266.00 


466.94 


383,040 


18.31 


4&d6 


36.81 


268.00 


471.17 


385,920 


18.59 


^M 


37.36 


270.00 


478.17 


388,600 


18.87 


49.36 


37.91 


272,00 


485.22 


391,680 


19,14 


48,75 


3d.48 


274.00 


492.52 


3M,5GO 


19.43 


5a 11 


39,04 


276.00 


499,67 


397,440 


19,71 



54 FBICnON OP WATER IN SMOOTH PIPES. 

DIAMETEE TWO IHOH, 



V*lficity 

ofWttta: 

in Ft. 

pet 

Becomd. 


^md In 

Ft fB- 

q^nlr&dto 
proiiucv 

tills 
Telocity. 


DlHoliarga 

In U. a, 
Oallcna 

loLute, 


Htad ia 

Ft, duL to 

Friction, 

per 

100 Ft, 


Diflcliu-ge 

ju iL a. 

dAllollB 

per 


Head in 

Ft. dT» 

ioibe 
Orifice of 
Jnlux. 


0.41 


aoo 


4,00 


0,07 


5,760 


0.00 


0.82 


0.01 


8,00 


0,23 


11,520 


0,01 


1.23 


0.02 


12.00 


0.45 


17p280 


0.01 


1.63 


0.04 > 


16-00 


0.72 


23,040 


ao3 


2.04 


O.Ott 


20.00 


1.08 


28,800 


0,03 


2.45 


(LUVJ 


24.00 


1.47 


HS«o 


0.05 


2,86 


0,13 


28,00 


1,96 


40,320 


0,06 


3.27 


0.17 


32.00 


2.45 


46,080 


0.08 


Xfift 


n.91 


moo 


9.99 


51,840 


0.11 


4.08 


0.26 


40.00 


3.G3 


57,600 


0.13 


4.4^ 


0,31 


44.00 


4,27 


63,360 


0.16 


4.90 


0.37 


48.00 


4.97 


ti9,120 


0.19 


5.31 


0.44 


53,00 


5.79 


74,880 


0.22 


5.72 


0.61 


fiG.OO 


^.B^ 


80,640 


0.26 


6.13 


0.58 


60.00 


7.43 


86,404) 


0.30 


6.54 


0*66 


64.00 


8.38 


92,160 


0.34 


6.94 


0.75 


68.00 


9,30 


97,920 


0.38 


7.35 


0.H4 


72.f)0 


10.38 


103,680 


0,42 


7.76 


0.04 


76,00 


11.40 


109,440 


0.47 


8.17 


1.04 


80.0^) 


12.45 


115,200 


0,52 


8.S8 


1,14 


84.00 


13,73 


120,960 


0.58 


8.99 


1.2(1 


88.00 


14.93 


126,720 


0.63 


9,40 


1,37 


02,00 


16.15 


132,480 


0.69 


9,80 I 


1A9 


06.00 


\ n.4T 


\ \^^,V^ 


'"■^ QA^ 



FRICTION OF WATEE IN SMOOTH PIPES. 55 

DIAHETEB TWO INOH. 



Tfdbclty 

of Wmter 

IqFI. 

uer 


Head Jn 
Ft, re- 
quired to 
produce 

this 
Velocity. 


mai ' 


1.62 


mG2 


1.75 


11-03 


LB9 


11.44 


2.03 


il.85 


2,16 


13,25 


2.33 


12.66 


2.49 


13,07 


2.66 


13.48 


2.82 


13,89 


3,00 


14,30 


3. IS 


1471 


3.36 


15,11 


3.65 


mss 


3.74 


15,33 


3.95 


m34 


4.1B 


16-75 


4.36 


17,16 


dL58 


17,67 


4.80 


17,97 


5,02 


IS.SS 


5.25 


18.79 


BA9 


laao 


e.73 


J9,6l 


P.^ 



BiHchargfi 

InU. a. 

UaUnD3 

per 


LOBScf 

Head in 

Ft, due to 

Fricfion, 

per 

im Fi. 


a&llonfl 
U UourH. 


H^dln 
Ft. due 
to the 
Orlfleeof 
Infliix. 


100.00 


18.86 


144^000 


0,82 


104,00 


20.20 


149,760 


0.89 


10S.OO 


21. 6B 


155,520 


0.96 


112.00 


23.07 


161,280 


1.03 


116.00 


24.62 


167,040 


1.10 


120.00 


26.32 


172,800 


L18 


124.00 


27.96 


178,560 


1.26 


128.00 


29.64 


184320 


1.34 


132.00 


31.36 


190,080 


1.43 


136,00 


33.11 


105,840 


l.Sl 


140.00 


3491 


201,600 


1.61 


14400 


36.94 


207,360 


1.70 


148,00 


3B.76 


213,120 


1.79 


152.00 


40.67 


218,880 


1.89 


156.00 


42,61 


224,640 


1,99 


160.00 


4458 


230,400 


2.10 


164,00 


46.84 


236460 


2.20 


168.00 


48,89 


241,920 


2.31 


172.00 


51.26 


247,680 


2,42 


176.00 


53,31 


253,440 


2,54 


180.00 


55.46 


250,200 


2.65 


184.00 


57.63 


264,900 


2.77 


188.00 ' 


60,18 


270,720 


2.89 


m.PO [ 


@3.77 


^76,480 


3,03 



56 FRICnON OP WATER IN SMOOTH PIPES. 

DIAMETEB TWO IHOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quited to 
produce 

tbis 
Velocity. 


DiBchaige 
in U.S. 
GaUons 

Ifinnte. 


Loss of 
Head in 
Ft. dneto 
Friction, 

100 Ft. 


in U.S.* 
Oailons 

24H^TO 


Loss of 
Head in 
Ft. due 

to the 
Orifice of 

Influx. 


20.02 


6.23 


196.00 


65.05 


282,240 


3.15 


20.42 


6.48 


200.00 


67.68 


288,000 


3.27 


20.83 


6.75 


204.00 


70.02 


293,760 


3.41 


21.24 


7.01 


208.00 


72.80 


299,520 


3.54. 


21.65 


7.29 


212.00 


75.20 


305,280 


3.68 


22.06 


7.57 


216.00 


78.08 


311,040 


3.82 


22.47 


7.85 


220.00 


81.01 


316,800 


3.96 


22.88 


8.14 


224.00 


83.50 


322,560 


4.11 


23.28 


8.43 


228.00 


86.45 


328,320 


4.25 


23.69 


8.72 


232.00 


88.99 


334,080 


4.41 


24.10 


9.03 


236.00 


92.10 


339,840 


4.56 


24.51 


9.34 


240.00 


94.70 


345,600 


4.72 


24.92 


9.65 


244 00 


97.90 


351,360 


4.88 


25.33 


9.97 


248.00 


101.14 


357,120 


5.04 


25.74 


10.30 


252.00 


103.83 


362,880 


5.20 


26.14 


10.62 


256.00 


107.08 


368,640 


5.36 


26.55 


10.96 


260.00 


109.81 


374,400 


5.53 


26.96 


11.30 


264.00 


113.22 


380,160 


5.71 


27.37 


11.65 


268.00 


116.69 


385,920 


5.88 


27.78 


12.00 


272.00 


119.50 


391,680 


6.06 


28.19 


12.35 


276.00 


123.05 


397,440 


6.24 


28.59 


12.71 


280.00 


126.57 


403,200 


6.42 


29.00 


13.07 


284.00 


130.22 


408,960 


6.60 


29 Al 


13.45 


288.00 


133.93 


414,720 


6.79 



PtUCHON OP WATER IN SMOOTH PIPES. 57 

DIAMETEB TWO nTOH. 



Velocity 

of Watfli- 

InPt. 

per 

Second. 


Ft, re- 
quired to 
pffjduce 

tbiB 
Vftldcity, 


is O, B. 
anUotit 

per 
Minute. 


liOIHOf 

Head la 

Ft. dnu to 

FrlctloD. 

per 

100 Ft. 


Dl«^luLrgfl 
In II. tJ. 
GaUoUH 

34 Houn. 


Loss of 

BfJAdlH 

Ft. flu* 

totha 

Orldcsof 


!I9.B2 


13.83 


292.00 


136.86 


420,460 


6,98 


90.23 


14.21 


296,00 


140.65 


426,240 


1 7.17 


30.6i 


14.60 


300.00 


144.49 


432,000 


7.37 


3L06 


14.99 


304.00 


148.38 


437/760 


7.57 


31,46 


15.38 


308.01) 


152.23 


443,620 


7.77 


81.86 


15.78 


312.00 


155.28 


449,280 


7,97 


32.27 


16.19 


31G,00 


159 3<» 


455,010 


8.18 


32.68 


16.60 


320.00 


163.38 


460,800 


8.38 


33.09 


17,02 


32100 


167.50 


466,560 


8.60 


83,50 


17.45 


32S.O0 


171.68 


472,320 


8.81 


33.91 


17.88 


332.00 


174,83 


478.080 


1 9.03 


34,31 


18.30 


336.00 


178.98 


483,840 


9.24 


34.72 


18.74 


340.00 


182.16 


4S9,G00 


9.46 


35.13 


19.19 


344,(XI 


186.49 


495,360 


9.69 


35.54 


19.64 


348,00 


190.87 


601,120 


0,92 . 


35.95 


20.09 


362.00 


195.30 


506,880 


10,15 


36.36 


20.55 


356.00 


199.78 


512,640 


10.38 


36.76 


21.01 


360,00 


204.20 


518,400 


10.61 


37.17 


21.48 


364.00 


208.78 


524,160 


10.85 


37,68 


21.96 


368.00 


212.09 


529,020 


U.09 


37.99 


22.44 


372,00 


216.74 


535,680 


11.33 


38.40 


22.92 


376.00 


221.45 


541,440 


11.58 


38.81 


23.42 


380.00 


226.20 


547,200 


11.83 


39.22 


23,91 1 


384:, 00 


231*00 


551,960 


12.08 



58 FRICTION OP WATER IN SMOOTH PIPES. 



DIAMETEB TWO IHOH. 



Vftlocitr 

Of Water 

In Ft, 


H«din 
rt, re- 
quired to 


In u. a. 

per 
MIXlQt«. 


Lew or 

Bewl fn 
Ft, due to 
FnetEou, 

234.28 


DtoChJUgB 

in U. g. 

QLQcnB 

aiHoum. 


Loss of 
HekdJn 
Ft. due 

tdtha 
Oriflceof 

Influx. 


3fl.62 


244D 


388,00 


558,720 


12.32 


40.03 


2491 


392.00 


239,15 


564, 4S0 


12,58 


40,44 


25.42 


396,00 


24407 


570,240 


12.84 


40.65 


25.94 


400,00 


249,05 


576,000 


13,10 


41.26 


26.47 


404 00 


25407 


581,760 


13,37 


41.67 


26,99 


408.00 


259,15 


587,520 


13.63 


4108 


27,53 


412,00 


264,27 


593,280 


13,90 


43,48 


28.05 


416,00 


269,32 


599,040 


1417 


^.S9 


28.60 


420,00 


272,83 


e04,8(K) 


1444 


43.30 


29.15 


42400 


278.07 


610,560 


1472 


43,71 


29.70 


438,00 


983.36 


616,320 


15,00 


44,12 


30.26 


433.00 


288.70 


622,080 


15,28 


4453 


30.83 


436,00 


292.24 


627,840 


15,57 


44113 


31.38 


440,00 


297,51 


633,600 


15,85 


45,34 


31,96 


44400 


302,97 


639,360 


iai4 


45,75 


32.54 


448.00 


308,47 


645,120 


ia43 


46.16 


33,13 


452.00 


31403 


650,880 


16,73 


46.57 


33,72 


456,00 


319,63 


656,640 


17,03 


46.98 


3431 


460.00 


325,28 


662,400 


17.33 


47 39 


3491 


464,00 


330,99 


668,160 


17,63 


47.79 


35,51 


468.00 


334,47 


673,920 


17,93 


48.20 


36,12 


472,00 


340,23 


679,680 


18,24 


48,61 


36.73 


476,00 


346.04 


685,440 


18.55 


49.02 


37*36 , 


460,00 


35400 


691^200 


18.87 



FRICTION OP WATER IN SMOOTH PIPES. 59 



DIAMETEE TWO INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 



49.43 
49.84 
50.25 



Head in 
Ft. re- 
quired to 
prodnce 

this 
Velocity. 



37.98 
38.62 
39.26 



Discharge 
in U. H. 
Gallons 

per 
Minute. 



484.00 
488.00 
492.00 



Loss of 

Head in 

Ft. due to 

Friction, 

per 

100 Ft. 



357.82 
361.46 
367.43 



Discharge 

in U.S. 

Gallons 

per 

24 Hours. 



696,960 
702,720 
708,480 



Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 



19.18 
19.50 
19.82 



60 FRICTION OP WATER IN SMOOTH PIPES. 

DIAUETEB TWO AITD OHE-HALF UTOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
inU. ». 
Gallons 

M^ute. 


Loss of 

Head in 

Ft. due to 

Friction. 

per 

100 Ft. 


Discharge 
in U.S. 
Gallons 

24 Sours. 


Loeaof 
Head in 
Ft. due 
totbe 
Orifice of 
Influx. 


0.39 


0.00 


6.00 


0.05 


8,640 


0.00 


0.78 


0.01 


12.00 


0.15 


17,280 


0.00 


1.18 


0.02 


18.00 


0.31 


25,920 


0.01 


1.57 


0.04 


24.00 


0.50 


34,560 


0.02 


1.96 


0.06 


30.00 


0.75 


43,200 


0.03 


2.35 


0.09 


36.00 


1.04 


51,840 


0.04 


2.75 


0.12 


42.00 


1.36 


60,480 


0.06 


3.14 


0.15 


48.00 


1.71 


69,120 


0.08 


3.53 


0.19 


54.00 


2.12 


77,760 


0.10 


3.92 


0.24 


60.00 


2.53 


86,400 


0.12 


4.31 


0.29 


66.00 


3.02 


95,040 


0.15 


4.71 


0.34 


72.00 


3.53 


103,680 


0.17 


5.10 


0.40 


78.00 


4.10 


112,320 


0.20 


5.49 


0.47 


84.00 


4.66 


120,960 


0.24 


5.88 


0.54 


90.00 


5.26 


129,600 


0.27 


6.27 


0.61 


96.00 


5.93 


138,240 


0.31 


6.67 


0.69 


102.00 


6.61 


146,880 


0.35 


7.06 


0.77 


108.00 


7.36 


155,520 


0.39 


7.45 


0.86 


114.00 


8.08 


164,160 


0.44 


7.84 


0.96 


120.00 


8.90 


172,800 


0.48 


8.24 


1.06 


126.00 


9.73 


181,440 


0.53 


8.63 


1.16 


132.00 


10.56 


190,080 


0.58 


9.02 


1.26 


138.00 


11.47 


198,720 


0.64 


9.41 


1.38 


144.00 


12.42 


207,360 


0.70 



FBICnOK OF WATEB IN SMOOTH PIPES. 61 



DIAMETER TWO ASH OHE-EALF UTOH. 



Meui 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 

Ft.i©- 

qniredto 

produce 

this 
Velocity. 


Discharge 
in U.S. 
Gallons 

minute. 


Loss of 

Head in 

Ft. due to 

Friction, 

per 

100 Ft. 


Discharge 
in U.S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


9.80 


1.49 


150.00 


13.40 


216,000 


0.75 


10.20 


1.62 


156.00 


14.44 


224,640 


0.82 


10.59 


1.74 


162.00 


15.48 


233,280 


0.88 


10.98 


1.87 


168.00 


16.55 


241,920 


0.95 


11.37 


2.01 


174.00 


17.56 


250,560 


1.01 


11.76 


2.15 


180.00 


18.68 


259,200 


1.09 


12.16 


2.30 


186.00 


19.97 


267,840 


1.16 


12.65 


2.45 


192.00 


21.16 


276,480 


1.24 


12.94 


2.60 


198.00 


22.37 


285,120 


1.31 


13.33 


2.76 


204.00 


23.60 


293,760 


1.40 


13.73 


2.93 


210.00 


25.04 


302,400 


1.48 


1412 


3.10 


216.00 


26.33 


311,040 


L57 


1451 


3.27 


222.00 


27.65 


319,680 


1.65 


14.90 


3.45 


228.00 


28.99 


328,320 


1.74 


15.29 


3.63 


234.00 


30.36 


336,960 


1.84 


15.69 


3.83 


240.00 


31.96 


345,600 


1.93 


16.08 


4.02 


246.00 


33.57 


354,240 


2.03 


16.47 


4.22 


252.00 


35.02 


362,880 


2.13 


16.86 


4.42 


258.00 


36.48 


371,520 


2.23 


17.25 


4.63 


264.00 


38.19 


380,160 


2.34 


17.65 


4.84 


270.00 


39.75 


388,800 


2.45 


18.04 


5.06 


276.00 


41.53 


397,440 


2.56 


18.43 


5.28 


282.00 


43.09 


406,080 


2.67 


ia82 


5.61 


288.00 


44.67 


414,720 


2.78 



62 FBICTION OP WATER IN SMOOTH PIPES. 
DIAHETEB TWO AND ONE-HALF INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U.S. 
Gallons 

Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 

IWFt. 


Discharge 
in U.S. 
Gallons 

24 Sours. 


TiOSHOf 

Head in 
Ft. due 
to the 
Orifice of 
Influx. 


19.22 


5.74 


294.00 


46.59 


423,360 


2.90 


19.61 


5.98 


300.00 


48.50 


432,000 


3.02 


20.00 


6.22 


306.00 


50.15 


440,640 


3.14 


20.39 


6.46 


312.00 


52.12 


449,280 


3.26 


20.78 


6.71 


318.00 


53.81 


457,920 


3.39 


21.18 


6.97 


324.00 


55.90 


466,560 


3.52 


21.57 


7.23 


330.00 


57.63 


475,200 


3.65 


21.96 


7.50 


336.00 


59.74 


483,840 


3.79 


22.35 


7.77 


342.00 


61.88 


492,480 


3.92 


22.75 


8.05 


348.00 


64.11 


601,120 


4.06 


23.14 


8.32 


354.00 


66.33 


609,760 


4.20 


23.53 


8.61 


360.00 


68.17 


518,400 


4.35 


23.92 


8.90 


366.00 


70.45 


527,040 


4.49 


24.31 


9.19 


372.00 


72.76 


535,680 


4.64 


24.71 


9.49 


378.00 


74.72 


544,320 


4.79 


25.10 


9.79 


384.00 


77.10 


552,960 


4.95 


25.49 


10.10 


390.00 


79.52 


561,600 


6.10 


25.88 


10.41 


396.00 


81.97 


570,240 


6.26 


26.27 


10.73 


402.00 


84.46 


578,880 


6.42 


26.67 


11.06 


408.00 


86.52 


587,520 


5.68 


27.06 


11.38 


414.00 


89.07 


596,160 


6.76 


27.45 


11.71 


420.00 


91.65 


604,800 


6.92 


27.84 


12.05 


426.00 


93.70 


613,440 


6.08 


28.24 


12.40 


432.00 


96.41 


622,080 


6.26 



FEICHON OF WATER IN SMOOTH PIPES. 63 
DIAHETEB TWO AND ONE-HALF INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 

Ft.re- 

qtiiiedto 

produce 

this 
Velocity. 


Gallons 
Minute. 


LOBSOf 

Head in 
Ft. due to 
Friction, 

100 Ft. 


Discharge 
in U.S. 
GaUons 

24 Hours. 


Loss of 
Head in 
Ft. due 

to the 
Orifice of 

Influx. 


28.63 


12.74 


438.00 


99.09 


630,720 


6.44 


29.02 


13.09 


444.00 


101.81 


639,360 


6.61 


29.41 


13.45 


450.00 


104.56 


648,000 


6.79 


29.80 


13.81 


456.00 


106.69 


656,640 


6.97 


30.20 


14.18 


462.00 


109.57 


665,280 


7.16 


30.59 


14.55 


468.00 


111.72 


673,920 


7.35 


30.98 


14.92 


474.00 


114.59 


682,560 


7.53 


31.37 


15.30 


480.00 


117.49 


691,200 


7.73 


3L76 


15.68 


486.00 


120.43 


699,840 


7.92 


32.16 


16.08 


492.00 


123.49 


708,480 


8.12 


32.55 


16.47 


498.00 


125.71 


717,120 


8.32 


32.94 


16.87 


504.00 


128.74 


725,760 


8.52 


33.33 


17.27 


510.00 


131.81 


734,400 


8.72 


33.73 


17.69 


516.00 


134.99 


743,040 


8.93 


34.12 


18.10 


522.00 


138.13 


751,680 


9.14 


34.51 


18.51 


528.00 


140.42 


760,320 


9.35 


34.90 


18.94 


534.00 


143.61 


768,960 


9.56 


35.29 


19.36 


540.00 


146.83 


777,600 


9.78 


35.69 


19.80 


546.00 


150.18 


786,240 


10.00 


36.08 


20.24 


552.00 


153.48 


794,880 


10.22 


36.47 


20.68 


558.00 


156.82 


803,520 


10.44 


36.86 


21.12 


564.00 


160.19 


812,160 


10.67 


37.26 


21.57 


570.00 


163.60 


820,800 


10.89 


37.65 


22.04 


576.00 


166.07 


829,440 


11.13 



64 FRICnON OF WATER IN SMOOTH PIPES. 



DIAMETEB TWO AITD ONE-HALF HTGH. 



Mbui 

Vftlodty 

in Ft 

Hncond. 


Head Id 

Ft, ni- 

qairsd to 

Ywlorlty. 


Dlscb*rge 
per 


Ft, due to 

rjdcUoti. 

per 
100 Ft, 


IMMitiiuge 
inXf B* 

34 Ho^. 


Ft. Oiui 
to ths 


38.04 


22.50 


58100 


169.53 


838,080 


11.36 


38,43 


22.96 


588.00 


173.02 


846,720 


11.59 


38.82 


23,43 


594.00 


176.56 


855,360 


11.83 


39.22 


23.91 


600.00 


180,21 


864,000 


12.06 


39,61 


24,39 


606.00 


182.64 


872,640 


12.32 


io,ao 


24.87 


612.00 


186,26 


881,280 


12.56 


40.39 


25,36 


618.00 


189.91 


889,920 


12.81 


40.78 


25.85 


624,00 


193.59 


898,660 


13.06 


41.18 


26.38 


630.00 


197.41 


907,200 


13.31 


41.57 


26,&17 


636; 00 


199.88 


915,840 


13.57 


41.96 


27.37 


642.00 


203.64 


924,480 


13.82 


4^.35 


27.88 


648.00 


207,45 


933,120 


14.08 


4175 


38.41 


654.00 


211,38 


941,760 


14.35 


43.14 


28,93 


660.00 


215.26 


950,400 


14.61 


43.53 


29,46 


666.00 


217.75 


959,040 


14.88 


43,93 


29«99 


672.00 


221.67 


967,680 


15.14 


44.31 


30,52 


678.00 


225,63 


976,320 


16,41 


44.71 


3L08 


684.00 


239,72 


984,960 


15,69 


46,10 


31.62 


690,00 


233.75 


993,600 


15.97 


46*48 


32.17 


696.00 


237,81 


1,002,240 


16.25 


45.88 


32.72 


702.00 


241,90 


1,010,880 


lass 


46.27 


3a 28 


708.00 


246,03 


1,019,520 


lasi 


48.67 


33.86 


714,00 


350.30 


1,028,160 


17.10 


47,08 


34.43 


720.00 


254.50 


1,036,800 


17.39 



FBICnON OF WATER IN SMOOTH PIPES. ^ 
DIAMETEB TWO A9D OHE-HALF UTOH. 



Mean 
YeJocity 
of Water 

in Ft 

per 
Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
luU.8. 
Gallons 

M^ute. 


Loss of 
Head in 
Ft. due to 
Friction. 

per 
100 Ft 


Discharge 
in U.S. 
Gallons 

MH^rs. 


Loss of 
Bead in 
Ft. due 

tgth« 
Orifice of 

Influx. 


47.45 


36.00 


726.00 


258.74 


1,046,440 


17.68 


47.84 


35.68 


732.00 


261.30 


1,064,080 


17.97 


48.24 


36.18 


738.00 


266.69 


1,062,720 


18.27 


48.63 


36.77 


744.00 


270.00 


1,071,360 


ia57 


49.02 


37.36 


750.00 


274.35 


1,080,000 


18.87 


49.41 


37.96 


766.00 


278.73 


1.088,640 


19.17 


49.80 


38.56 


762.00 


28a 15 


1,097,280 


19.47 


60.20 


39118 


768.00 


287.72 


1,106,920 


19.78 



66 FBICnON OP WATER IN SMOOTH PIPES. 

DIAUETEB THBEE IHOH. 



Mean 
Velocity 
of Water 

In Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge' 
in U.S. 
Oallons 

BiSmte. 


Loss of 
Head in 
Ft. due to 
Friction, 

lOO^Ft. 


Discharge 
in U. 8. 
Oallons 

24 Hoars. 


Loss of 
Head in 
Ft. due 

to the 
Orifice of 

Influx. 


0.36 


0.00 


8.00 


0.03 


11,520 


0.00 


0.73 


0.01 


16.00 


0.11 


23,040 


0.00 


1.09 


0.02 


24.00 


0.21 


34,560 


0.01 


1.45 


0.03 


32.00 


0.34 


46,080 


0.02 


1.82 


0.05 


40.00 


0.51 


57,600 


0.03 


2.18 


0.07 


48.00 


0.70 


69,120 


0.04 


2.54 


0.10 


56.00 


0.93 


80,640 


0.05 


2.90 


0.13 


64.00 


1.16 


92,160 


. 0.07 


3.27 


0.17 


72.00 


1.45 


103,680 


0.08 


3.63 


0.20 


80.00 


1.73 


115,200 


0.10 


3.99 


0.25 


88.00 


2.07 


126,720 


0.12 


4.36 


0.30 


96.00 


2.44 


138,240 


0.15 


4.72 


0.35 


104.00 


2.80 


149,760 


0.17 


5.08 


0.40 


112.00 


3.21 


16i;280 


0.20 


5.45 


0.46 


120.00 


3.62 


172,800 


0.23 


5.81 


0.52 


128.00 


4.09 


184,320 


0.27 


6.17 


0.59 


136.00 


4.55 


195,840 


0.30 


6.54 


0.66 


144.00 


5.05 


207,360 


0.34 


6.90 


0.74 


152.00 


5.57 


218,880 


0.37 


7.26 


0.82 


160.00 


6.13 


230,400 


0.41 


7.63 


0.91 


168.00 


6.70 


241,920 


0.46 


7.99 


0.99 


176.00 


7.30 


253,440 


0.50 


8.35 


1.08 


184.00 


7.93 


264,960 


0.55 


8.71 


1.18 


192.00 


8.59 


276,480 


0.60 
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DIAMETEE THEEE INCH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

Minute. 


Loflscf 
Head in 
Ft. due to 
Friction, 

llWFt. 


Discharge 
in U.S. 
Gallons 

24£ourB. 


T.ORHOf 

Head in 
Ft. due 
to the 
Orifice of 
Influx. 


9.08 


1.28 


200.00 


9.28 


288,000 


0.65 


9.44 


1.39 


208.00 


9.97 


299,520 


0.70 


9.80 


1.49 


216.00 


10.69 


311,040 


0.75 


10.17 


1.61 


224.00 


11.45 


322,560 


0.81 


10.53 


1.72 


232.00 


12.20 


334,080 


0.87 


10.89 


1.84 


240.00 


12.98 


345,600 


0.93 


11.26 


1.97 


248.00 


13.72 


357,120 


1.00 


11.62 


2.10 


256.00 


14.61 


368,640 


1.06 


11.98 


2.23 


264.00 


15.53 


380,160 


1.13 


12.35 


2.37 


272.00 


16.41 


391,680 


1.20 


12.71 


2.51 


280.00 


17.38 


403,200 


1.27 


13.07 


2.66 


288.00 


18.27 


414,720 


1.34 


13.43 


2.80 


296.00 


19.18 


426,240 


1.42 


13.80 


2.96 


304.00 


20.13 


437,760 


1.50 


14.16 


3.12 


312.00 


21.20 


449,280 


1.57 


14.52 


3.28 


320.00 


22.16 


460,800 


1.66 


14.89 


3.45 


328.00 


23.16 


472,320 


1.74 


15.25 


3.62 


336.00 


24.30 


483,840 


1.83 


15.61 


3.79 


344.00 


25.46 


495,360 


1.91 


15.98 


3.97 


352.00 


26.52 


506,880 


2.00 


16.34 


4.15 


360.00 


27.56 


518,400 


2.10 


16.70 


4.34 


368.00 


28.79 


529,920 


2.19 


17.07 


4.53 


376.00 


30.08 


641,440 


2.29 


17,43 


472 


384.00 


31.17 


552,960 


2.39 
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Hean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


IMscharge 
in U.S. 
Gallons 

Mmnte. 


Loasof 
Head in 
Ft. due to 
Friction. 

lOOFt. 


Discharge 
in U.S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orlftoeof 


17.79 


4.92 


392.00 


3\47 


564,480 


2.48 


18.16 


5.13 


400.00 


33.84 


576,000 


2.59 


18.52 


5.33 


408.00 


34.98 


587,520 


2.69 


18.88 


5.54 


416.00 


36.85 


599,040 


2.80 


19.24 


5.75 


424.00 


87.75 


610,560 


2.91 


19.61 


5.98 


432.00 


88.98 


622,080 


3.02 


19.97 


6.20 


440.00 


40.42 


633,600 


3.13 


20.33 


6.43 


448.00 


41.89 


645,120 ' 


3.24 


20.70 


6.66 


456.00 


43.17 


656,640 


3.36 


21.06 


6.90 


464.00 


44.68 


668,160 


3.48 


21.42 


7.13 


472.00 


46.22 


679,680 


3.60 


21.79 


7.38 


480.00 


47.54 


691,200 


3.73 


22.15 


7.63 


488.00 


49.12 


702,720 


3.85 


22.51 


7.88 


496.00 


50.41 


714,240 


3.98 


22.88 


8.14 


504.00 


52.09 


725,760 


4.11 


23.24 


8.40 


512.00 


53.74 


737,280 


4.24 


23.60 


8.66 


520.00 


55.42 


748,800 


4.37 


23.97 


8.93 


528.00 


57.17 


760,320 


4.51 


24.33 


9.20 


536.00 


58.90 


771,840 


4.65 


24.69 


9.48 


544.00 


60.27 


783,360 


4.79 


25.06 


9.76 


552.00 


62.04 


794,880 


4.93 


25.42 


10.05 


560.00 


63.89 


806,400 


6.07 


25.78 


10.33 


568.00 


65.30 


817,920 


5.22 


26.14 


10.62 


576.00 


67.14 


829,440 


6.36 
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DTAMTiTEB THBEE DTOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. S. 
GaUons 

Minute. 


LOESOf 

Head in 
Ft. due to 
Friction, 

100 Ft. 


Discharge 

in U.S. 

Gallons 

per 

24 Hours. 


Loss of 
Head in 
Ft. due 

to the 
Orifice of 

Influx 


26.51 


10.93 


684.00 


69.05 


840,960 


5.52 


26.87 


11.22 


592.00 


70.94 


852,480 


5.67 


37.23 


11.53 


600.00 


72.85 


864,000 


5.82 


27.60 


11.84 


608.00 


74.37 


875,520 


5.98 


27.96 


12.15 


616.00 


76.32 


887,040 


6.14 


28.32 


12.47 


624.00 


78.30 


898,560 


6.30 


28.69 


12.80 


632.00 


79.85 


910,080 


6.46 


29.05 


13.12 


640.00 


81.87 


921,600 


6.63 


29.41 


13.45 


648.00 


83.91 


933,120 


6.79 


29.77 


13.78 


656.00 


85.97 


944,640 


6.96 


30. U 


14.12 


664.00 


88.12 


956,160 


7.13 


30.50 


14.46 


672.00 


90.24 


967,680 


7.30 


30.86 


14.81 


680.00 


92.39 


979,200 


7.48 


31.23 


15.16 


688.00 


94.61 


990,720 


7.66 


31.59 


15.51 


C96.00 


96.19 


1,002,240 


7.83 


31.95 


15.87 


704.00 


98.39 


1,013,760 


8.01 


32.32 


16.24 


712.00 


100.68 


1,025,280 


8.20 


32.68 


16.60 


720.00 


102.94 


1,036,800 


8.38 


33.04 


16.97 


728.00 


105.22 


1,048,320 


8.57 


33.41 


17.35 


736.00 


107.59 


1,059,840 


8.76 


33.77 


17.73 


74400 


109.21 


1,071,360 


8.95 


34.13 


18.11 


752.00 


111.55 


1,082,880 


9.15 


34.50 


18.50 


760.00 


113.98 


1,094,400 


9.84 


34.86 


18.89 


768.00 


116.38 


1,105,920 


9.54 
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DIAMETEB THBEE IHOE. 



Mean 
Velocity 
of Water 

in Ft. 

per 
Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
GaUons 

M^ute. 


Loss of 
Head in 
Ft. due to 
Friction, 

IfiOFt. 


Discharge 
in U.S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 

to the 
Orifice of 

Influx. 


35.22 


19.28 


776.00 


118.79 


1,117,440 


9.74 


35.58 


19.68 


784.00 


121.23 


1,128,960 


9.94. 


35.95 


20.09 


792.00 


123.77 


1,140,480 


10.15 


36.31 


20.50 


800.00 


126.26 


1,152,000 


10.35 


36.67 


20.90 


808.00 


128.77 


1,163,520 


10.56 


37.04 


21.33 


816.00 


131.39 


1,175,040 


10.77 


37.40 


21.75 


824.00 


133.95 


1,186,560 


10 98 


37.76 


22.17 


832.00 


135.66 


1,198,080 


11.19 


38.13 


22.60 


840.00 


138.33 


1,209,600 


11.41 


38.49 


23.03 


848.00 


140.95 


1,221,120 


11.63 


38.85 


23.46 


856.00 


142.66 


1,232,640 


11.85 


39.22 


23.91 


864.00 


145.39 


1,244,160 


12.08 


39.58 


24.35 


872.00 


148.08 


1,255,680 


12.30 


39.94 


24.80 


880.00 


150.78 


1,267,200 


12.52 


40.30 


25.25 


888.00 


153.51 


1,278,720 


12.75 


40.67 


25.71 


896.00 


156.34 


1,290,240 


12.99 


41.03 


26.17 


904.00 


159.12 


1,301,760 


13.22 


41.39 


26.63 


912.00 


161.93 


1,313,280 


13.45 


41.76 


27.11 


920.00 


164.84 


1,324,800 


13.69 


42.12 


27.58 


928.00 


167.69 


1,336,320 


13.93 


42.48 


^ 28.05 


936.00 


170.57 


1,347,840 


14.17 


42.85 


28.54 


944.00 


172.41 


1,359,360 


14.42 


43.21 


29.03 


952.00 


175.32 


1,370,880 


14.66 


i3.57 


29.51 


960.00 


178.25 


1^382,400 


U.9Q 
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DTAMETEB THEEE nrOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 

Ft.re- 

qniredfo 

produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

Ml^^nte. 


Loss of 
Head in 
Ft. due to 
Friction, 

per 
100 Ft. 


Discharge 
in U. 8. 
Gallons 

24 Hours. 


T.omof 
Head in 
Ft. due 

to the 
Oriflce of 

Influx. 


43.94 


30.02 


968.00 


181.29 


1,393,920 


15.16 


44.30 


30.51 


976.00 


184.28 


1,405,440 


15.41 


44.66 


31.01 


984.00 


187.28 


1,416,960 


15.66 


45.03 


31.52 


992.00 


190.40 


1,428,480 


15.92 


45.39 


32.03 


1,000.00 


193.46 


1,440,000 


16.17 


45.75 


32.54 


1,008.00 


195.24 


1,451,520 


16.43 


46.11 


33.05 


1,016.00 


198.32 


1,463,040 


16.69 


46.48 


33.59 


1,024.00 


201.52 


1,474,560 


16.96 


46.84 


34.11 


1,032.00 


204.65 


1,486,080 


17.22 


47.20 


34.63 


1,040.00 


207.81 


1,497,600 


17.49 


47.67 


35.18 


1,048.00 


211.08 


1,509,120 


17.77 


47.93 


35.71 


1,056.00 


214.29 


1,520,640 


18.04 


48.29 


36.25 


1,064.00 


217.52 


1,532,160 


18.31 


48.66 


36.81 


1,072.00 


219.39 


1,543,680 


18.59 


49.02 


37.36 


1,080.00 


222.65 


1,555,200 


18.87 


49.38 


37.91 


1,088.00 


225.93 


1,566,720 


19.14 


49.76 


38.48 


1,096.00 


229.33 


1,578,240 


19.43 


60.11 


39.04 


1,104.00 


232.66 


1,589,760 


19.71 






V 


«« 


«- 


^ 


r ' 


^ 




1* 




2^ 




4r 




% 




H 


49.5 


38 


: 70.4 


77 


8614 


116 


99.9 


155 


5ai 


39 


7IL9 


78 


$6.8 


U7 


10012 


15« 


60.T 


40 


7L3 


TO 


87-2 


lis 


100.6 


157 


51.3 


41 i 


7L3 


80 


87.6 


119 


load 


158 


E^Q 


^ 1 


72 2 


81 


87.9 


120 


10L2 


159 


m,% 


4a 1 


71,6 


82 


8S.3 


121 


101.5 


160 


eaa 


44 


73.1 


33 


88.6 


122 


101.8 


161 


63L8 


45 


73.5 


84 


89.0 


123 


103-1 


163 


S4.4 


46 


74.0 


85 


89.4 


124 


102.5 


163 


i5.0 


47 


744 


86 


89.7 


125 


102.8 


164 


59.& 


43 


748 


87 


90.1 


126 


103.1 


165 


56.2 


49 


75,3 


§8 


90.4 


127 


103.4 


166 


5e.7 


50 


75.7 


89 


90.8 


128 


103.7 
1040 
1043 
1046 
1049 


167 
168 
169 
170 
171 


67.3 


51 


76,1 


90 


91-1 


129 


67.9 
56.4 


52 
53 


76L5 
76,9 


91 
9-3 


9L5 
91.8 


130 
131 


59.0 


54 


77-4 


93 


92.2 


132 


105.3 


172 


69.5 


55 


77,8 


^ ; 


1 92.5 


133 


105.6 


173 


60.0 


56 


78ua 


95 


92.9 


134 


105.9 


174 


60,6 


57 


1 7^6 


96 


93.2 


135 


106.2 


175 


6L1 


56 


79. Q 


97 


93.6 


136 


114. 


200 


61.6 


m 


79.4 


98 


93.9 


137 


130. 


225 


62.1 


m 


79.8 


99 


943 


138 


126. 


250 


617 


61 


80.3 


100 


946 


139 


133, 


276 


63.2 


62 


60.6 


101 


95.0 


140 


139, 


300 


63.7 


63 


1 S1.0 


102 


9S.3 


141 


150. 


350 


642 


64 


81.4 


103 


95.6 


142 


160, 


400 


64,7 


65 


81,8 


104 


96.0 


143 


170. 


450 


65.2 


m 


82.2 


105 


96.3 


144 


179. 


600 


65.7 


67 


82.6 


106 


96.6 


145 


188. 


650 


66.2 


68 


83.0 


107 


97.0 


146 


197. 


600 


66.7 


69 


83.4 


108 


97.3 


147 


213. 


700 


67.1 


70 


83.8 


109 


97 6 


148 


227. 


80O 


67. a 


7! 


84,2 


no 


98-0 


149 


241, 


900 


6fi.l 


72 


84.5 


111 


98.3 


150 


'254. 


1,000 


GH.5 


73 


84.9 


112 


98.6 


151 


311. 


1,500 


69,0 


74 


85.3 


113 


98,9 


162 


359. 


2,000 


69.5 


75 


85.7 


114 


99.3 


153 


401. 


2,500 


09.9 ! 


76 


86,1 


115 1 


99.6 


154 


440. 


3,000 



1^ 



75 



TABLE No. 2, 

SHOWING THE LOSS OP HEAD DUE TO THE FRIC- 
TION OF WATER IN PIPES HAVING INTERIOR 
SIDES SIMILAR TO NEW CAST-IRON PIPES. 

This table shows the Loss of Head due to the 
Friction of Water flowing in Pipes having In- 
terior Sides similar to New Cast-iron Pipes, 
under different conditions of Velocity and Dis- 
charge, or the Inclination necessary to maintain 
the given Velocity and Discharge. The table 
also gives the Head required to produce the 
given Velocity, and the Loss of Head due to 
the Orifice of Influx. 

The table includes pipes of 4-inch, 6-inch, 
8-inch, 10-inch, 12-inch, 16-inch, 20-inch, 24- 
inch, 30-inch, 36-inch, 48-inch and 60-inch in 
diameter. 

The mean internal diameter of the pipe, that 
each page of the table refers to, is given at the 
head of each page. 
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The first column of the table gives the mean 
velocity in feet per second, of the water flowing 
in the pipe. 

The second column gives the head required 
to produce the velocity in the first column, 
calculated by the laws of falling bodies, inde- 
pendent of friction, loss of head due to influx, 
and other retarding causes. 

The third column gives the discharge in U. S. 
gallons per minute, and the fifth column the 
discharge in U. S. gallons per twenty-four hours, 
when the water is flowing in the pipe with the 
velocity in the first column. 

The fourth colimin gives the loss of head, or 
the resistance, per 1,000 feet, arising from the 
friction of the water against the interior sides 
of the pipe, when the velocity of flow is the same 
as the velocity in the first column, and the dis- 
charge the same as the discharge in the third 
and fifth columns. This loss of head is also 
equivalent to the inclination, or slope, on which 
it would be necessary to lay the pipe in order 
to maintsLin the given velocity and discha^!^. 
The results in this column weT^ ewwi^^ia^ft^Vj 
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two f onntJas, of H. Darcy, given on pages 254, 
258 and 368 of his work, entitled, Becherches 
experimentdles relatives au mouvement de Teau dans 
les tuyaux. These formulas have been reduced 
to English measures, imder the following forms: 



=(» 



A = j 0.017379 + 0.0015965 + 



d 
0.0040723 



I V* 



+ 0.000020816 \ J- 1. 
d» ) ^ ^ 



A = ( 0.0198920 + 0.00166573 ) 



a ' '^ 



In which h = the loss of head due to friction, 
in feet. 
d = the internal diameter of the pipe, 

in feet. 
V = the velocity per second, in feet. 
I = the length of the pipe, in feet. 
2g = 64.324. 
The first formula was used for velocities of 
flow less than 0.33 feet per second, and the 
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second formula, which is generally known as 
"Darcy's Formula/' for velocities of flow in- 
cluding and exceeding 0.33 feet per second. 

When the mean velocity, discharge, and di- 
ameter of the pipe are constant, the loss of head 
due to friction is directly and simply as the 
length, consequently the loss of head due to 
friction for any length of pipe can be readily 
determined from the table. 

The sixth column gives the loss of head due 
to the entrance of the water into the pipe, 
with the velocity in the first column, when the 
edges of the inlet end of the pipe are square 
and flush with the face of a wall or partition. 
The following formula was used in calculating 
the results in this column : 

Loss of head due to influx = 0.505 -=:- . 

If the pipe is connected with a reservoir, in 
the manner mentioned in the description of the 
sixth column, and laid below the hydraulic 
grade line, the sum of the results given in the 
second, fourth, and sixth columns, is the total 
head; or the head that will be required to gene- 
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rate the velocity in the first column, and the 
discharge in the third and fifth columns. 

Although the table has been computed to 
such limits that, by the use of the rule relative to 
the length of the pipe, nearly all of the results 
that will generally be required in ordinary prac- 
tice can be directly obtained from the table, 
it is possible that at times exceptional cases 
will arise and results may be desired which 
will be beyond the highest limits of the table. 
For cases of this kind the table can also be 
used by the appKcation of the following rule : 
the diameter and length of the pipe being con- 
stant, the loss of head varies as the square of 
the velocity and conversely the velocity as the 
square root of the loss of head. Positive 
results can be obtained in this manner, as the 
coefl&cient of friction included in the formula 
used in computing the highest losses of head 
due to friction given in the table, is simply 
dependent upon the diameter and not upon 
both the diameter and the square root of the ve- 
locity as in Weston's formula for very smooth i 
pipes^ that was used in computing table No. 1. 
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Following the table there are two supple- 
mentary tables : A and B. 

Supplementary table A, is a table of the- 
oretical velocities which is to be used in con- 
junction with the table when the results desired 
are beyond the highest limits of the results 
given in the table. 

Supplementary table B, has been given, 
mainly, for conveniently computing additional 
results, if it should be desired, for the diflEerent 
columns of the table, beyond the highest results 
now contained in the table. It can also be used 
for obtaining positive results for all velocities 
above 0.33 feet per second. Two ways that it 
can be used advantageously are shown in ex- 
amples Nos. 4 and 5. 

The loss of head due to friction per 1,000 
feet, which may take place in pipes that have 
been in service five or more years, for velocities 
above 0.33 feet per second, can be very approx- 
imately estimated, for preliminary work, by 
multiplying the loss of head due to friction 
given in the fourth column of the table by the 
following multipliers^ which were corapni/ed bjra 
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modification of "Darcy's Formula'' by tte author, 
in which a fonnula by Darcy for old pipes and 
tihe results of a number of experiments made 
with pipes that had been in service from about 
two to about seventeen years were taken into 
consideration : 





Number 
otTesTsof 
8erTice«f 
the Pipes. 


KulUpUen. 


Hnmber 
of Xesn of 
Senrtceof 
the Pipes. 


Uoltlpliera. 


5 


1.16 


55 


2.72 


10 


1.31 


60 


2.88 


15 


1.47 


65 


3.03 


20 


1.63 


70 


3.19 


25 


1.78 


75 


3.35 


30 


1.94 


80 


3.50 


35 


2.11 


85 


3.66 


40 


2.25 


90 


3.82 


45 


2.41 


95 


3.97 


50 


2.57 


ICO 


4.13 



In twing the table when otiier lengths of pipe 
iiMn l/XK) feet are to be iisiaefa. into eotisiA$t- 
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ation, as well as for cases when the results 
desired are beyond the highest limits of the 
table, it will probably be necessary, in some 
instances, especially for a person who is not in 
the habit of making hydraulic calculations, to 
make several trials before the correct result is 
obtained. A Uttle practice, however, will per- 
ceivably f acihtate the use of the table. 

The following examples illustrate a number 
of ways in which the information contained in 
the table can be applied for obtaining results 
which are not given in the table : 

Example No. 1. 

Question. What size of pipe will be required 
to furnish a district with 38,000,000 gallons of 
water per 24 hours, under 150 feet head ; the 
point of deKvery being located 50,000 feet from 
the resevoir which will supply the water, and its 
elevation 173 feet below the water Une of the 
same? 

Answer. The loss of head in this case must 
not exceed 173 — 150 = 23 feet The table 
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shows that two 48-inch pipe will deliver the 
amount of water required with a loss of head 
of 21.63 feet, viz. : The friction head shown in 
the table for a 48-inch pipe 1,000 feet long 
corresponding to a discharge of 38,000,000 gal- 
lons -5- 2 = 19,000,000 gallons, is 0.43 feet, and 
for a length of 50,000 feet = 21.50 feet, 21.50 + 

/ 0.09 = ^ ) + ( 0.04 = 0.505 g" ) = 21.63 

feet. Four 36-inch pipe will also dehver this 
amount with a loss of head of 23.10 feet, viz. : 
The friction head shown in the table for a 36- 
inch pipe 1,000 feet long corresponding to a dis- 
charge of 38,000,000 gallons -r- 4 = 9,500,000 gal- 
lons, is 0.46 feet, and for a length of 50,000 feet = 



23.00 feet, 23.00 + ( 0.07 = -|1) + / 0.03 = 
2gi 



0.505 y) = 23.10 feet. 



Example No. 2. 

QuesUm. What will be the discharge from a 
reservoir, in gallons per minute, through a 4- 
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indh pipe 1,800 feet long, under a total head of 
150 feet? 
Anaicer. The ratio of the length tised in 

cotiaputing the table to the ^ven length, t^TwI, = 

0.56, 0.56 X 150 = 84 feet; the discharge of 
a 4rinch pipe corresponding to a friction head 
of 82.40 feet, which is the nearest to 84 feet, is 
330 gallons per minute ; the inverse ratio of the 

lengths, J^, = 1.8, 1.8 X 82.40 = 148.32 feet, 

148.32 +( 1.10 = 1^) + ( 0.56 = 0.505 ^ ) = 

149.98 feet. Therefore a 4-inch pipe 1,800 feet 
long, luider a total head of 149.98 feet, will dis- 
charge 330 gallons per minute. 



Example No. 3. 

Question, What will be the discharge from a 
reservoir, in gallons per minute, through a 4- 
inch pipe 500 feet long, imder a total head of 
150 feet? 

Answer, The ratio of the length used in 
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1000 
computing the table, to tlie given length, -^t^q , = 

2, 2x150= 300 feet; the discharge of a 4. 
inch pipe corresponding to a friction head of 
300.32 feet, which is the nearest to 300 feet, is 
630 gallons per minute; the inverse ratio of 

the lengths, j^, = 0.5, 0.5x300.32 = 150.16 

feet, 150.16 + (4.02=-|^ \ + (2.03=0.505^) 

= a total head of 156.21 feet. This total head 
is too large, however, (156.21 — 150 = 6.21). 
Pop a second trial take the friction head 
the next lower in the table, 290.86 feet, which 
corresponds to a discharge of 620 gallons per 

minute, -^^ = 0.5, 0.5 X 290.86 = 145.43, 

145.43 + ( 3.90 = 1^) + ( 1.97 = 0.505 ^ ) 

= 151.30 feet. Therefore a 4-inch pipe 500 
feet long, under a total head of 151.30 feet> 
will discharge 620 gallon per minute. 
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Example No. 4. 

Question. What will be the total head re- 
quired to cause water to flow from a reservoir, 
at a rate of 20,000,000 gallons per 24 hours, 
through a 16-inch pipe 1,000 feet long? 

Answer, The largest discharge given in the table 
for a 16-inch pipe is 8,064,000 gallons per 24 hours, 
and the velocity opposite to this discharge = 8.94 
feet. The velocity corresponding to a discharge 

of 20,000,000 gaUons = ^^^^^x 8.94= 22.17 

£ ^ X. 1 ^ ^ 1.1 15 20,000,000 

feet, or by supplementary table B, — \aa(\ — 

13 889 
= 13,889 gaUons per minute, q^qIjK = 22.16. 

The friction head given in the table opposite to 
a velocity of 8.94 and a discharge of 8,064,000 = 
19.69 feet. The friction head due to a velocity 

of 22.17 = ^^' X 19.69 = 121.09 feet, or by 

20 000000 
supplementary table B, '^ 1440^ ~ 13,889 
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13 889 
gallons per minute, ^^^ ^ = v, v*X 0.24649 = 

121.06. 

"s — h o— X 0.505 given in the table opposite 

to a velocity of 8.94 and a discharge of 
8,064,000 (1.24 + 0.63) = 1.87 feet, 1.87 X 

22.17* 
q' , = 11.50 feet, or by supplementary table 

^ 20,000,000 ,^^Q^ „ . , 

Dy — \aa(\ — == 13,889 gallons per minute, 

iq QQQ 

^^Q = t;, v'x (0.01555 + 0.007851) = 11.49. 

Therefore the total head required is 121.09 + 
11.50 =132.59 feet. 



Example No. 5. 

QuesHon. What will be the total head re- 
quired to cause water to flow from a reservoir, 
at a rate of 40,000,000 gallons per 24 hours, 
through a 36-inch pipe 50,000 feet long? 

Answer. The largest discharge given in the 
tftble for a 36-inch pipe is 28,800,000 gallons per 
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24 hours, and the velocity opposite to this dis- 
charge = 6.30 feet. The velocity correspond- 
ing to a discharge of 40,000,000 gallons = 

40,000,000 ,, ^ OA orra c t r. i 

28,800,000 >< ^'^^ = ^'^^ ^'^^^ "' ^^ ^^PP^^ 

mentary table B, "^'^^^ = 27,778 gaflons 

. , 27,778 g-. 
per minute, ^^Ij^ ^^ =8.76. 

The friction head given in the table opposite 
to a velocity of 6.30 and a discharge of 
28,800,000 = 4.21 feet. The friction head 
for a length of 1,000 feet, due to a velocity 

of 8.76 = —^ X 4.21 = 8.13 feet, or by 

supplementary table B, — \aa(\ — ~ 27,778 

27 778 
gallons per minute, o^rjoao ^ ^' ^^^ 0.10597 

=2 8.13. The friction head for a length of 
50,000 feet, is the inverse ratio of the length 
used in computing the table to the given length 
multiplied by the friction head for a length of 

1,000 feet, = ^^^x8.13 = 406.50 feet. 
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•^ — h o" X 0.505 given in the table opposite to 

a velocity of 6.30 and a discharge of 28,800,000 

(0.62 + 0.31) = 0.93 feet, 0.93 x|S! = 1.80 

r X 1. 1 X . 1^1 T5 40,000,000 

f eet, or by supplementary ta Die B, — rzih — ~ 

27778 
27,778 gallons per minute, ,^„^ ^^ = v, v^ X 

(0.01555 + 0.007851) = 1.80. 

Therefore the total head required is 406.50 
+ 1.80 = 408.30 feet. 



"Ryampt.tc No. 6. 



QtiesHon. What will be the discharge from a 
reservoir, in gallons per minute, through a 12- 
inch pipe 1,000 feet long under a total head of 
200 feetf 

Answer. The friction head given in the table, 
for a 12-inch pipe, opposite to the velocity of 10 
feet is 33.56 feet, and the total head, 33.56, + 

/■^ + 1^ X 0.505 = ) 2.35, = 35.91 feet. As a 
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total head of 35.91 feet will produce a velocity 
of 10 feet, assume 20 feet as the increased 
velocity which would be produced by 200 feet, 
the given total head. The supplementary table 

of theoretical velocities A, shows that -^7- 

for a velocity of 20 is 6.2 feet and -^ X 0.505 = 

3.13 feet, 6.2 + 3.13 = 9.33 feet, 200—9.33= 
190.67 feet, which is to be used as an assumed 
friction head ; the square root of the assumed 
friction head 190.67 divided by the square root 
of 33.56, the friction head taken from the table, 
corresponding to 10, the highest velocity, = 

^~^, = 2.39, 2.39x10 (the velocity from the 

table), = 23.9 feet, which is the resultant veloc- 

%; 2 — 1-2-><^-^^^ ^^^ ^ velocity of 23.9, is 

found by the aid of the supplementary table of 
theoretical velocities A, to be 13.39 feet, 13.39 
-f- 190.67 (the assumed friction head for a 
velocity of 20 feet), = a total head of 204.06 
feet. If the assumed velocity had been the 
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actual velocity this 204.06 would have been equal 
to 200 the given total head, and the resultant 
velocity 23.9 the same as 20, the assumed 
velocity, and as their differences are so great 
(204.06—200=4.06 and 23.9—20 = 3.9), it wiU 
be necessary to make, at least, one more trial. 

For the second trial assume a velocity of 23.5 
feet. The supplementary table of theoretical 

velocities A, shows that -^ — V- 77- X 0.505 for a 

velocity of 23.5 is 12.94 feet, 200 — 12.94 = 
187.06 feet J the square root of the assumed 
friction head 187.06 divided by the square root 
of 33.56, the friction head taken from the table 
corresponding to 10, the highest velocity, = 

-^;=^=2.36, 2.36x10 (the velocity from the 

table), = 23.6 feet which is the resultant velocity, 

■^ + o- X 0.505 for a velocity of 23.6 is found 

by the aid of the supplementary table of the- 
oretical velocities A, to be 13.09 feet, 13.09 -f- 
187.06 (the assumed friction head for a velocity 
of 23.5 feet), = a total head of 200.15 feet. 
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This result is sufficiently near as the total heads 
check to within 0.15 foot (200.15 — 200) and 
the velocities to within 0.1 feet (23.6 — 23.5). 
To obtain the discharge in gallons per minute, 
mnltiply 3,525 (the gallons per minute given in 
the table corresponding to a velocity of 10), by 
2.36 (the ratio of the square roots of the friction 
heads), 3,525x2.36 = 8,319 gaHons. There- 
fore a 12-inch pipe 1,000 feet long, under a 
total head of 200 feet will discharge about 
8,319 gallons per minute. 

Example No. 7. 

Question, What will be the discharge from a 
reservoir, in gallons per minute, through a 12- 
inch pipe 100 feet long, under a total head of 
50 feet? 

Answer. The inverse ratio of the length used 

in computing the table to the given length, 

100 
• , = 0.10, 33.56 feet is the friction head 

given in the table, for a 12-inch pipe, opposite 
to the velocity of 10 feet, 33.56x0.10 = 3.36 
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feet, Hie friction head in a pipe 100 feet long 
corresponding to a velocity of 10 feet, and the 

total head, 3.36 + (^ +^ x 0.505 = ) 2.35,= 

5.71 feet. As a total head of 5.71 feet wiU 
produce a velocity of 10 feet, assume 28 feet as 
the increased velocity which would be produced 
by 50 feet, the given total head. The supple- 
mentary table of theoretical velocities A, shows 

that "o- for a velocity of 28 is 12.2 feet and 

^ X 0.505 = 6.16 feet, 12.2 + 6.16=18.36 feet, 

50 — 18.36=31.64 feet, which is to be used as an 

assumed friction head 5 31.64 multiplied by the 

1000 
ratio of the lengths, ..^ , = 10, = 316.4 feetj 

the square root of the assumed friction head 316.4 

divided by the square root of 33.56, the friction 

head taken from the table corresponding to 10, 

17 79 
the highest velocity, = ^^^= 3.07, 3.07 X 10 

(the velocity from the table), = 30.7 feet which 

is the resultant velocity, -^ +-«- X 0.505 for 
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a velocity of 30.7 is found by the aid of the 
supplementary table of theoretical velocities A, 
to be 22.12 feet, 22.12 + 31.64 (the assumed 
friction head for a velocity of 28 feet in a pipe 
100 feet long), = a total head of 53.76 feei 
If the assumed velocity had been the actual 
velocity, this 53.76 would have been equal to 
50 the given total head, and the resultant veloc- 
ity 30.7 the same as the assumed velocity 28, 
and as their differences are so great (53.76 — 
50 = a76 and 30.7 — 28, = 2.7), it will be 
necessary to make, at least, one more trial 

For the second trial assume a velocity of 
29.5 feet. The supplementary table of the- 

17* t;* 
oretical velocities A, shows that -7-+7i--X 0.505 

for a velocity of 29.5 is 20.32 feet, 50 — 20.32 

1000 
= 29.68 feet, 29.68 x -^ , = 296.8 feet ; the 

square root of the assumed friction head 296.8 

divided by the square root of 33.56, the friction 

head taken from the table corresponding to 10, 

17 2^ 
the highest velocity, = -579 = 2.98, 2.98x10 
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(the velocity from the table), = 29.8 feet, which 

is the resTiltaait velocity, -o- + 9- X 0.505 for 

a velocity of 29.8 is found by the aid of the 
supplementary table of theoretical velocities A, 
to be 20.77 feet, 20.77 + 29.68 (the assumed 
friction head for a velocity of 29.5 feet in a 
pipe 100 feet long), = a total head of 50.45 
feet. This result is sufficiently near as the 
total heads check to within 0.45 foot (50.45 — 
50) and the velocities to within 0.3 feet (29.8 — 
29.5). To obtain the discharge in gallons per 
minute, multiply 3,525 (the gallons per minute 
given in the table corresponding to a velocity 
of 10), by 2.98 (the ratio of the square roots of 
the friction heads), 3,525 x 2.98 = 10,505 gal- 
lons. Therefore a 12-inch pipe 100 feet long, 
under a total head of 50 feet, will discharge 
about 10,505 gallons per minute. 
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DTAMP.TEB FOUB ZNOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 
Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

M^ute. 


Loss of 
Head in 
Ft. due to 
Friction, 

loSoFt. 


in U. 8. 
Gallons 

24 ^urs. 


Loss of 
Head in 
Ft. due 

to the 
Orifice of 

Influx. 


0.26 


0.00 


10 


0.12 


14,400 


0.00 


0.51 


0.00 


20 


0.30 


28,800 


0.00 


0.77 


0.01 


30 


0.68 


43,200 


0.00 


1.02 


0.02 


40 


1.21 


57,600 


0.01 


1.28 


0.03 


50 


1.89 


72,000 


0.01 


1.53 


0.04 


60 


2.72 


86,400 


0.02 


1.79 


0.05 


70 


3.71 


100,800 


0.03 


2.04 


0.06 


80 


4.84 


115,200 


0.03 


2.30 


0.08 


90 


6.13 


129,600 


0.04 


2.55 


0.10 


100 


7.57 


144,000 


0.05 


2.81 


0.12 


110 


9.16 


158,400 


0.06 


3.06 


0.15 


120 


10.90 


172,800 


0.07 


3.32 


0.17 


130 


12.79 


187,200 


0.09 


3.57 


0.20 


140 


14.83 


201,600 


0.10 


3.83 


0.23 


150 


17.02 


216,000 


0.12 


4.09 


0.26 


160 


19.37 


230,400 


0.13 


4.34 


0.29 


170 


21.87 


244,800 


0.15 


4.60 


0.33 


180 


24.52 


259,200 


0.17 


4.85 


0.37 


190 


27.32 


273,600 


0.18 


5.11 


0.41 


200 


30.27 


288,000 


0.20 


5.36 


0.46 


210 


33.37 


302,400 


0.23 


5.62 


0.49 


220 


36.62 


316,800 


0.25 


5.87 


0.54 


230 


40.03 


331,200 


0.27 


6.13 


0.58 


240 


43.58 


345,600 


0.29 
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DIAKETEB FOUB IVOH. 



HeMlin 
Telocity n. re- 
of Water quired to 
Ib Ft. pfodnce 
pv this 

Velocity. 



Diacbafge 

inr.a 

OaUflos 

pa- 
Minute. 



Ijomat ' 
Hcttdin 
Ft. due to 
Fxictkm.! 



1000 F 



FL 



Disduuge 
inU.a 
Oalloiis 

P«P 
MUonn. 



Loss of 
Head in 
Ft. due 

to the 
Orifice of 

Influx. 



6.38 


0.63 


250 


47.29 


360,000 


0.32 


6.64 


0.69 


260 


51.15 


374,400 


0.35 


6.89 


0.74 


270 


55.16 


388,800 


0.37 


7.15 


0.79 


280 


59.32 


403,200 


0.40 


7.40 


0.85 


290 


63.63 


417,600 


0.43 


7.66 


0.91 


300 


68.10 


432,000 


0.46 


7.91 


0.97 


310 


7-2.71 


446,400 


0.49 


8.17 


1.04 


} 320 


77.48 


460,800 


0.52 


8.43 


1.10 


j 330 


82.40 


475,200 


0.56 


8.68 


1.17 


340 


87.47 


489,600 


0.59 


8.94 


1.24 


350 


92.69 


504,000 


0.63 


9.19 


1.31 


360 


98.06 


518,400 


0.66 


9.45 


1.39 


370 


103.59 


532,800 


0.70 


9.70 


1.46 


380 


109.26 


547,200 


0.74 


9.96 


1.54 


390 


115.09 


561,600 


0.78 


10.21 


1.62 


400 


121.06 


576,000 


0.82 


10.47 


1.70 


410 


127.19 


590,400 


0.86 


10.72 


1.79 


420 


133.47 


604,800 


0.90 


10.98 


1.87 


430 


139.90 


619,200 


0.95 


11.23 


1.96 


440 


146.49 


633,600 


0.99 


11.49 


2.05 


450 


153.22 


648,000 


1.04 


11.74 


2.14 


460 


160.11 


662,400 


1.08 


12.00 1 


2.24 


470 


i 167 .U 








2.33 ^ 


4S0 


\ 174.^^ 
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DTAMKTEKPOUEINOH. 




Itfean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U.S. 
Qallons 

per 
Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 

per 
1000 Ft. 


Discharge 
in U.S. 
Gallons 

24 fiours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


12.51 


2.43 


490 


181.67 


705,600 


1.23 


12.77 


2.53 


500 


189.16 


720,000 


1.28 


13.02 


2.64 


510 


196.80 


734,400 


1.33 


13.28 


2.74 


520 


204.61 


748,800 


1.38 


13.53 


2.85 


530 


212.54 


763,200 


1.44 


13.79 


2.96 


540 


220.64 


777,600 


1.49 


14.04 


3.07 


550 


228.89 


792,000 


1.55 


14.30 


3.18 


560 


237.29 


806,400 


1.60 


14.55 


3.29 


570 


245.84 


820,800 


1.66 


14.81 


3.41 


580 


254.54 


835,200 


1.72 


15.06 


3.53 


590 


263.39 


849,600 


1.78 


15.32 


3.65 


600 


272.39 


864,000 


1.84 


15.57 


3.77 


610 


281.55 


878,400 


1.90 


15.83 


3.90 


620 


290.86 


892,800 


1.97 


16.08 


4.02 


630 


300.32 


907,200 


2.03 


16.34 


4.15 


640 


309.92 


921,600 


2.10 


16.60 


4.28 


650 


319.68 


936,000 


2.16 


16.85 


4.41 


660 


329.60 


950,400 


2.23 


17.11 


4.55 


670 


339.66 


964,800 


2.30 


17.36 


4.69 


680 


349.88 


979,200 


2.37 


17.62 


4.82 


690 


360.24 


993,600 


2.44 


17.87 


4.97 


700 


370.76 


1,008,000 


2.51 


18.13 


5.11 


710 


381.43 


1,022,400 


2.58 


18.38 


5,2§ 


720 


392.25 


1,036,800 


2.65 
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Mean 
Velocity 
of Water 

in Ft. 

per 
Second. 


Head in 
Ft, re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

Minute. 


LoSROf 

Head in 
Ft. due to 
Friction, 

lOWFt. 


Discharge 
in U.S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


18.64 


5.40 


730 


403.22 


1,051,200 


2.73 


18.89 


5.55 


740 


414.34 


1,065,600 


2.80 


19.15 


5.70 


750 


425.62 


1,080,000 


2.88 


19.40 


5.85 


760 


437.04 


1,094,400 


2.96 


19.66 


6.01 


770 


448.62 


1,108,800 


3.03 


19.91 


6.17 


780 


460.35 


1,123,200 


3.11 


20.17 


6.32 


790 


472.23 


1,137,600 


3.19 


20.43 


6.49 


800 


484.26 


1,152,000 


3.28 


20.68 


6.65 


810 


496.44 


1,166,400 


3.36 


20.94 


6.81 


820 


508.77 


1,180,800 


3.44 


21.19 


6.98 


830 


521.26 


1,195,200 


3.53 


21.45 


7.15 


840 


533.89 


1,209,600 


3.61 


21.70 


7.32 


850 


546.68 


1,224,000 


3.70 


21.96 


7.49 


860 


559.62 


1,238,400 


3.78 


22.21 


7.67 


870 


572.71 


1,252,800 


3.87 


22.47 


7.85 


880 


585.95 


1,267,200 


3.96 


22.72 


8.03 


890 


599.34 


1,281,600 


4.05 


22.98 


8.21 


900 


612.89 


1,296,000 


4.15 



FRICTION OP WATER IN CAST-IRON PIPES. 101 

DIAHETEB SIX INOH. 



T<toolty 

of Water 

in Ft. 

per 

BnVKnd, 


Hmatn 
Ft, i^ ' 
qtilred to 
prtJdutiu 

Velocity. 


in U. 8. 
GftllojiR 

Muiutft. 


Head in 

I^. dne to 

Friction, 

put 

lOOOFl, 


in U. S, 
filHouw. 


LOESOf 

Head In 
Ft. dne 
totb« 
Oriilceof 
Influx. 


0.28 


0.00 


25 


0.09 


36,000 


0.00 


0.67 


0.00 


50 


0.23 


72,000 


0,00 


^M 


0.01 


75 


0.52 


108,000 


0.01 


1.13 


ao2 


100 


0.93 


144,000 


0,01 


L43 


0.03 


125 


1,45 


180,000 


0,03 


1,70 


0.04 


150 


9,09 


216,000 


0.02 


1.99 


0.06 


175 


2.85 


252,000 


0.03 


2.37 


0.08 


200 


3.72 


288,000 


0.04 


2.55 


0.10 


225 


4.70 


324,000 


0.05 


2.84 


a 12 


250 


5.81 


300,000 


0.06 


3,12 


0.15 


275 


7.03 


396,000 


0.08 


3.40 


0.18 


300 


S.36 


432,000 


0.09 


3.eg 


0-21 


325 


9.82 


4CS,000 


0.11 


3.97 


0.24 


350 


11.38 


504,000 


0,13 


4.25 


0.28 


375 


13.07 


540,000 


0.14 


4.54 


032 


400 


14,87 


570,000 


0.16 


4.82 


0.36 


425 


16.79 


612,000 


0,18 


5. XI 


0.41 


450 


18.83 


648,000 


0.21 


6.30 


0.45 


475 


20.97 


684,000 


0,23 


5.67 


0.50 


500 


23.23 


720,000 


0.25 


5.96 


0.55 


525 


25.62 


756,000 


0.28 


6.24 


0.61 


550 


28.11 


792,000 


0.31 


6.52 


0.66 


575 


30.73 


838,000 


0.34 


atL 


0,72 


600 


33,46 


864,000 


0.36 



102 FRICTION OP WATER IN CAST-IRON PIPES. 

DIAHETEB SIX DTOH. 



Mean 

Velocity 

of Water 

in Ft. 

per 
Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
inU. a. 
Gallons 

M^ute. 


Loss of 

Head in 

Ft. due to 

Friction, 

per 

lOUOFt. 


Discharge 
in U. S. 
Gallons 

24 Sours. 


TiOflHOf 

Head in 
Ft. due 
to the 
Orifioeof 
Influx. 


7.09 


0.78 


625 


36.30 


900,000 


0.40^ 


7.37 


0.85 


650 


39.26 


936,000 


0.43 


7.66 


0.91 


675 


42.34 


972,000 


0.46 


7.94 


0.98 


700 


45.54 


1,008,000 


0.50 


8.23 


1.05 


725 


48.85 


1,044,000 


0.53 


8.51 


1.13 


750 


52.27 


1,080,000 


0.57 


8.79 


1.20 


775 


55.82 


1,116,000 


0.61 


9.08 


1.28 


800 


59.48 


1,152,000 


0.65 


9.36 


1.36 


825 


63.25 


1,188,000 


0.69 


9.64 


1.45 


850 


67.14 


1,224,000 


0.73 


9.93 


1.53 


875 


71.15 


1,260,000 


0.77 


10.21 


1.62 


900 


75.28 


1,296,000 


0.82 


10.49 


1.71 


925 


79.52 


1,332,000 


0.87 


10.78 


1.81 


950 


83.87 


1,368,000 


0.91 


11.06 


1.90 


975 


88.35 


1,404,000 


0.96 


11.35 


2.00 


1,000 


92.93 


1,440,000 


1.01 


11.63 


2.10 


1,025 


97.64 


1,476,000 


1.06 


11.91 


2.21 


1,050 


102.46 


1,512,000 


1.12 


12.20 


2.31 


1,075 


107.40 


1,548,000 


1.17 


12.48 


2.42 


1,100 


112.45 


1,584,000 


1.22 


12.76 


2.53 


1,125 


117.62 


1,620,000 


1.28 


13.05 


2.65 


1,150 


122.90 


1,656,000 


1.34 


13.33 


2.76 


1,175 


128.31 


1,692^000 


1.40 


13.61 


2.88 


1,200 


133.82 


1,728,000 


1.46 



FRICTION OF WATEB IN CAST-IRON PIPES. 103 

DIAMETES SIX INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Seoond. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

MiQute. 


Loss of 
Head in 
Ft. due to 
Friction, 

lOWFt. 


Discharge 
in U.S. 
Gallons 

24m>urs. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


13.90 


3.00 


1,225 


139.46 


1,764,000 


1.52 


14.18 


3.13 


1,250 


145.21 


1,800,000 


1.58 


14.47 


3.25 


1,275 


151.08 


1,836,000 


1.65 


14.75 


3.38 


1,300 


157.06 


1,872,000 


1.71 


15.03 


3.51 


1,325 


163.16 


1,908,000 


1.78 


15.32 


3.65 


1,350 


169.37 


1,944,000 


1.84 


15.60 


3.78 


1,375 


175.70 


1,980,000 


i.ni 


15.88 


3.92 


1,400 


182.15 


2,016,000 


1.98 


16.17 


4.06 


1,425 


188.71 


2,052,000 


2.05 


16.45 


4.22 


1,450 


195.39 


2,088,000 


2.13 


16.73 


4.35 


1,475 


202.19 


2,124,000 


2.20 


17.02 


4.50 


1,500 


209.10 


2,160,000 


2.27 


17.30 


4.65 


1,525 


216.13 


2,196,000 


2.35 


17.59 


4.81 


1,550 


223.27 


2,232,000 


2.43 


17.87 


4.96 


1,575 


230.53 


2,268,000 


2.51 


18.15 


5.12 


1,600 


237.91 


2,304,000 


2.59 


18.44 


5.28 


1,625 


245.40 


2,340,000 


2.67 


18.72 


5.45 


1,650 


253.01 


2,376,000 


2.75 


19.00 


5.61 


1,675 


260.74 


2,412,000 


2.84 


19.29 


5.78 


1,700 


268.58 


2,448,000 


2.92 


19.57 


5.95 


1,725 


276.54 


2,484,000 


3.01 


19.85 


613 


1,750 


284.61 


2,520,000 


3.09 


20.14 


6.31 


' 1,775 


292.80 


2,556,000 


3.18 


20.42 


6.48 


; 1,800 


301.10 


2,592,000 


, 3.27 



101 FBICnON OF WATEB IN CAST-IBON FtPESi. 
DIAMETEB SIX DTOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 
Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. S. 
Gallons 

Minute. 


Loss of 
Head in 
Ft. due to 
Friction. 

ioSTfl 


Dischuge 
in U.S. 
Oallons 

Mfi^irs. 


Loesof 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


20.71 
20.99 
21.27 
21.56 
21.84 
22.12 
22.41 
22.69 


6.66 
6.85 
7.04 
7.22 
7.42 
7.61 
7.81 
8.00 


1,825 
1,850 
1,875 
1,900 
1,925 
1,950 
1,975 
2,000 


309.53 
318.07 
326.72 
335.49 
344.38 
353.38 
362.50 
371.73 


2,628,000 
2,664,000 
2,700,000 
2,736,000 
2,772,000 
2,808,000 
2,844,000 
2,880,000 


3.37 
3.46 
3.55 
3.65 
3.74 
3.84 
3.94 
4.04 



FEICnON OP WATER IN CAST-IBON PIPES. 105 

DIAHETEB HQtET IKOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 

this 
Velocity. 


Discharge 
In U.S. 
Gallons 

per 
Minute. 


Loss of 
Head In 
Ft. due to 
Friction, 

l(^Ft. 


Discharge 

in U. 8. 

Gallons 

per 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


0.16 


0.00 


25 


0.03 


36,000 


0.00 


0.32 


0.00 


50 


0.08 


72,000 


0.00 


0.48 


0.00 


75 


0.12 


108,000 


0.00 


0.64 


0.01 


100 


0.21 


144,000 


0.00 


0.80 


0.01 


125 


0.33 


180,000 


0.00 


0.96 


0.01 


150 


0.48 


216,000 


0.01 


1.12 


0.02 


175 


0.65 


252,000 


0.01 


1.28 


0.02 


200 


0.85 


288,000 


0.01 


1.44 


0.03 


225 


1.08 


324,000 


0.02 


1.60 


0.04 


250 


1.33 


360,000 


0.02 


1.76 


0.05 


275 


1.61 


396,000 


0.02 


1.91 


0.06 


300 


1.92 


432,000 


0.03 


2.07 


0.07 


325 


2.25 


468,000 


0.03 


2.23 


0.08 


350 


2.61 


504,000 


0.04 


2.39 


0.09 


375 


2.99 


540,000 


0.05 


2.55 


0.10 


400 


3.40 


576,000 


0.05 


2.71 


0.11 


425 


3.84 


612,000 


0.06 


2.87 


0.13 


450 


4.31 


648,000 


0.06 


3.03 


0.14 


475 


4.80 


684,000 


0.07 


3.19 


0.16 


500 


5.32 


720,000 


0.08 


3.35 


0.17 


525 


5.86 


756,000 


0.09 


3.51 


0.19 


550 


6.44 


792,000 


0.10 


3.67 


0.21 


575 


7.03 


828,000 


0.11 


3.83 


0.23 


600 


7.66 


864,000 


0.12 



106 PBICnON OF WATER IN CAST-IEON PIPES. 

DIAMETEB EIOHT DTOH. 



Mean 

Velocity 

of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

Minute. 


Lobs of 

Head in 

Ft. dneto 

Friction, 

per 

lOUOFt. 


Discharge 
in U. S. 
Gallons 

24 Hours. 


LosHof 
Head in 
Ft. due 
to the 
Orifice of 

TtiAtit, 


3.99 


0.25 


625 


8.31 


900,000 


0.13 


4.15 


0.27 


650 


8.99 


936,000 


0.14 


4.31 


0.29 


675 


9.69 


972,000 


0.15 


4.47 


0.31 


700 


10.42 


1,008,000 


0.16 


4.63 


0.33 


725 


11.18 


1,044,000 


0.17 


4.79 


0.36 


750 


11.97 


1,080,000 


0.18 


4.95 


0.38 


775 


12.78 


1,116,000 


0.19 


5.11 


0.41 


800 


13.61 


1,152,000 


0.20 


5.27 


0.43 


825 


14.48 


1,188,000 


0.22 


5.43 


0.46 


850 


15.37 


1,224,000 


0.23 


5.58 


0.49 


875 


16.29 


1,260,000 


0.25 


5.74 


0.51 


900 


17.23 


1,296,000 


0.26 


5.90 


0.54 


925 


18.20 


1,332,000 


0.27 


6.06 


0.57 


950 


19.20 


1,368,000 


0.29 


6.22 


0.60 


975 


20.22 


1,404,000 


0.30 


6.38 


0.63 


1,000 


21.27 


1,440,000 


0.32 


6.54 


0.67 


1,025 


22.35 


1,476,000 


0.34 


6.70 


0.70 


1,050 


23.45 


1,512,000 


0.35 


6.86 


0.73 


1,075 


24.58 


1,548,000 


0.37 


7.02 


0.77 


1,100 


25.74 


1,584,000 


0.39 


7.18 


0.80 


1,125 


26.92 


1,620,000 


0.41 


7.34 


0.84 


1,150 


28.13 


1,656,000 


0.42 


7.50 


0.87 


1,175 


29.37 


1,692,000 


0.44 


Z66 


0.91 


1,200 


30.63 


1,728,000 


0.46 



PMCnON OF WATER m CAST-IEON PIPES. 107 
DIAHETEB IIQtET INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

M^ute. 


Loss of 
Head in 
Ft. due to 
Friction, 

loSfrt. 


Discharge 
in U. 8. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


7.82 


0.95 


1,225 


31.92 


1,764,000 


0.48 


7.98 


0.99 


1,250 


33.24 


1,800,000 


0.50 


8.14 


1.03 


1,275 


34.58 


1,836,000 


0.52 


8.30 


1.07 


1,300 


35.95 


1,872,000 


0.54 


6.46 


1.11 


1,325 


37.34 


1,908,000 


0.56 


8.62 


1.15 


1,350 


38.77 


1,944,000 


0.58 


8.78 


1.20 


1,375 


40.22 


1,980,000 


0.61 


8.94 


1.24 


1,400 


41.69 


2,016,000 


0.63 


9.10 


1.29 


1,425 


43.19 


2,052,000 


0.66 


9.26 


1.33 


1,450 


44.72 


2,088,000 


0.67 


9.41 


1.38 


1,475 


46.28 


2,124,000 


0.70 


9.57 


1.43 


1,500 


47.86 


2,160,000 


0.72 


9.73 


1.47 


1,525 


49.47 


2,196,000 


0.74 


9.89 


1.52 


1,550 


51.10 


2,232,000 


0.77 


10.05 


1.57 


1,575 


52.77 


2,268,000 


0.79 


10.21 


1.62 


1,600 


54.45 


2,304,000 


0.82 


10.37 


1.67 


1,625 


56.17 


2,340,000 


0.85 


10.53 


1.72 


1,650 


57.91 


2,376,000 


0.87 


10.69 


1.78 


1,675 


59.68 


2,412,000 


0.90 


10.85 


1.83 


1,700 


61.47 


2,448,000 


0.93 


11.01 


1.88 


1,725 


63.29 


2,484,000 


0.95 


11.17 


1.94 


1,750 


65.14 


2,520,000 


0.98 


11.33 


2.00 


1,775 


67.02 


2,556,000 


1.01 


11.49 


2.05 


1,800 


68.92 


2,592,000 


1.03 



108 FRICnOK OF WATER IN CAST-ntON PIPES. 

DIAMETER EIGHT DfOH. 



VelortlT 

or Water 

til Ft, 

l»fT 

8eoMid. 


Bead in 

PL w- 

^fnix^sd to 

Telocity, 


I>iflcliai8e 

tnr.s. 

Oallcni 


liOSBOf 

Hc«din 
Ft due to 
Friction, 

1000 Ft 


Discharge 
in U.S. 
Gallons 

a4Hoiii8. 


Loss of 
Head in 
Ft. due 

to the 
Orifice of 

Influx. 


1L65 


2.11 


1,825 


7a85 


2,628,000 


1.07 


11^ 


: 2.17 


1,850 


72.80 


2,664,000 


1.09 


1L97 


; 2.23 


1,875 


74.78 


2.700,000 


1.12 


I^IS 


2.29 


1,900 


76.79 


2,736,000 


1.15 


12,» 


2.35 


1,925 


78.82 


2,772,000 


1.18 


12*45 


2.41 


1,950 


80.88 


2,808,000 


1.21 


12.61 


2.47 


1,975 


82.97 


2,844,000 


1.25 


12.77 


2.53 


2,000 


85.08 


2,880,000 


1.28 


12.93 


2.60 


2,025 


87.22 


2,916,000 


1.31 


13.08 


2.66 


2,050 


89.39 


2,952,000 


1.34 


13.24 


2.73 


2,075 


91.59 


2,988,000 


L37 


13.40 


2.79 


2,100 


93.80 


3,024,000 


1.41 


13.56 


2.86 


2,125 


96.05 


3,060,000 


1.44 


13.72 


2.93 


2,150 


98.33 


3,096,000 


1.48 


13.88 


3.1X) 


2,175 


100.63 


3,132,000 


1.51 


14.04 


3,07 


2,200 


102.95 


3,168,000 


1.55 


14.20 


3.14 


2.225 


105.30 


3,204,000 


1.58 


14.36 


3.21 


2,250 


107.68 


3,240,000 


1.62 


14.52 


3.28 


2,275 


110.09 


3,276,000 


1.66 


14.68 


3.35 


2,300 


112.52 


3,312,000 


1.69 


14.84 


3.42 


2,325 


114.98 


3,348,000 


1.73 


15.00 


3.50 


2,350 


117.47 


3,384,000 


1.77 


15.16 


3.57 


2,375 


119.98 


3,420,000 


1.81 


16.32 


3.65 


2,400 


122.52 


3,456,000 


1.84 



FBICTION OF WATER IN CAST-IRON PIPES. 109 
DIAMETEB EiaHT INOH. 



Mean 
Velocity 
ofWat«: 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U.S. 
Gallons 

l^ute. 


Loss of 
Head in 
Ft. due to 
Friction, 

loSfrt. 


Gallons 
24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


15.48 


3.72 


2,425 


125.09 


3,492,000 


1.88 


16 64 


3.80 


2,450 


127.68 


3,528,000 


1.92 


15.80 


3.88 


2,475 


130.30 


3,564,000 


1.96 


15.96 


3.a6 


2,500 


132.94 


3,600,000 


2.00 


16.12 


4.04 


2,525 


135.62 


3,636,000 


2.04 


16.28 


4.12 


2,550 


138.31 


3,672,000 


2.08 . 


16.44 


4.20 


2,575 


141.04 


3,708,000 


2.12 


16.60 


4.28 


2,600 


143.79 


3,744,000 


2.16 



110 FMCnON OP WATER IN CAST-IRON PIPES. 
DIAMETEE TEN INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discbarge 
in U. 8. 
Gallons 

MUiute. 


Loss of 
Head in 
Ft. due to 
Friction, 

per 
1000 Ft. 


Discharge 
in U.S. 
Ckdlons 

24 Hours. 


Lobs of 
Head in 
Ft. due 
to the 
Orifice of 


0.10 


0.00 


25 


0.01 


36,000 


0.00 


0.20 


0.00 


60 


0.03 


72,000 


0.00 


0.31 


0.00 


75 


0.06 


108,000 


0.00 


0.41 


0.00 


100 


0.07 


144,000 


0.00 


0.51 


0.00 


125 


0.11 


180,000 


0.00 


0.61 


0.01 


150 


0.15 


216,000 


0.00 


0.71 


0.01 


175 


0.21 


262,000 


0.00 


0.82 


0.01 


200 


0.27 


288,000 


0.01 


0.92 


0.01 


225 


0.35 


324,000 


0.01 


1.02 


0.02 


250 


0.43 


360,000 


0.01 


1.12 


0.02 


275 


0.52 


396,000 


0.01 


1.23 


0.02 


300 


0.61 


432,000 


0.01 


1.33 


0.03 


325 


0.72 


468,000 


0.01 


1.43 


0.03 


350 


0.83 


504,000 


0.02 


1.53 


0.04 


375 


0.96 


540,000 


0.02 


1.63 


0.04 


400 


1.09 


676,000 


0.02 


1.74 


0.05 


425 


1.23 


612,000 


0.02 


1.84 


0.05 


450 


1.38 


648,000 


0.03 


1.94 


0.06 


475 


1.54 


684,000 


0.03 


2.04 


0.06 


500 


1.70 


720,000 


0.03 


2.14 


0.07 


525 


1.88 


756,000 


0.04 


2.25 


0.08 


650 


2.06 


792,000 


0.04 


2.35 


0.09 


675 


2.25 


828,000 


0.04 


2.45 


0.09 ] 


600 


2.45 


864,000 


0.05 



FMCnON OF WATER IN CAST-IBON PIPES. Ill 
DTAMF.TEB TEH INOH. 



Mean 
Velocity 
of Water 

In Ft. 

per 

Second. 


Head in 

Ft. re- 

quired to 

produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

per 
Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 

1000 Ft. 


Discharge 
in U.S. 
GaUons 

24 Hours. 


T.om of 
Head in 
Ft. due 
to the 
Orifice of 
Infiux. 


2.55 


0.10 


625 


2.66 


900,000 


0.05 


2.66 


0.11 


650 


2.88 


936,000 


0.05 


2.76 


0.12 


675 


3.11 


972,000 


0.06 


2.86 


0.13 


700 


3.34 


1,008,000 


0.06 


2.96 


0.14 


725 


3.58 


1,044,000 


0.07 


3.06 


0.15 


750 


3.83 


1,080,000 


0.07 


3.17 


0.16 


775 


4.09 


1,116,000 


0.08 


3.27 


0.17 


800 


4.36 


1,152,000 


0.08 


3.37 


0.18 


825 


4.64 


1,188,000 


0.09 


3.47 


0.19 


850 


4.92 


1,224,000 


0.09 


3.57 


0.20 


875 


5.22 


1,260,000 


0.10 


3.68 


0.21 


900 


5.52 


1,296,000 


0.11 


3.78 


0.22 


925 


5.83 


1,332,000 


0.11 


3.88 


0.23 


950 


6.15 


1,368,000 


0.12 


3.98 


0.25 


975 


6.48 


1,404,000 


0.12 


4.09 


0.26 


1,000 


6.82 


1,440,000 


0.13 


4.19 


0.27 


1,025 


7.16 


1,476,000 


0.14 


4.29 


0.29 


1,050 


7.51 


1,512,000 


0.14 


4.39 


0.30 


1,075 


7.88 


1,548,000 


0.15 


4.49 


0.31 


1,100 


8.25 


1,584,000 


0.16 


4.60 


0.33 


1,125 


8.63 


1,620,000 


0.17 


4*70 


0.34 


1,150 


9.01 


1,656,000 


0.17 


4.80 


0.36 


1,175 


9.41 


1,692,000 


0.18 


4.90 


0.37 


1,200 


9.81 


1,728,000 


0.19 



112 FRICTION OP WATER IN CAST-IRON PIPES. 



DIAMETEB TES TSOE. 



Veen 

afw*tflr 
In Ft. 


rt. »- 

Pfoduce 

thit 
TcOocdtjr. 


Id U. S. 

per 


LoBBof 

Head in 

Ft. aiuto 

Friction^ 

per 

lOOOlt. 


InU. a. 


LOH of 

Head In 
Ft. <tw 


5.00 


0,39 


1,225 


10.23 


1,764,000 


0.20 


5.11 


0.41 


1,250 


10.65 


1,800,000 


0.20 


BMl 


0.42 


1,275 


11. OS 


1,836,000 


0.21 


fi.31 


0.44 


1,300 


11.52 


1,872,000 


0.22 


&U 


0.46 


1,325 


11.96 


1,906,000 


0.23 


5.61 


47 


1,350 


12.42 


1,944,000 


0.24 


6.6a 


0.49 


1,375 


12.88 


1,980,000 


0.24 


6,73 


0.51 


1,400 


13.36 


2,016,000 


a 26 


5.83 


0.53 


1,425 


13.84 


2,052,000 


0.27 


5.92 


0.55 


1,450 


14.33 


2,088,000 


0.28 


6.03 


0.56 


1,475 


14,83 


2,124,000 


0.28 


G.13 


0.68 


1,500 


15.33 


2,160,000 


0.29 


6.23 


0,60 


1,525 


15.85 


2,196,000 


0.30 


6.33 


0.62 


1,550 


16.37 


2,232,000 


0.31 


6.43 


0.64 


1,575 


16.91 


2,268,000 


0.32 


6.54 


0.66 


1,600 


17.45 


2,304,000 


0.34 


CM 


0.C9 


1,625 


18.00 


2,340,000 


0.35 


6.74 


0.71 


1,650 


18.56 


2,376,000 


0,36 


6.84 


0.73 


1,675 


19,12 


2,412,000 


0.36 


6.94 


0.75 


1,700 


19.70 


2,448,000 


0.33 


7.06 


0.77 


1,725 


20.28 


2,484,000 


0.39 


7.15 


0.80 


1,750 


20,87 


2,520,000 


0.40 


7.25 


0.82 


1,775 


21.47 


2,556,000 


0.41 


7.36 


0,84 


1,800 


22.06 


2,592,000 


0.42 



FRICTION OF WATER IN CAST-IRON PIPES. 113 
DIAMETER TEN INOH. 



WaVk 
Telocity 
0* Water 

In Ft. 

per 

fieccmd^ 


Head in 

quired to 
produce 

Velocity. 


in U. s; 

QailOELB 

Minute, 


XiQ^S of 

Head In 
Ft. due to 
Friction, 

jXpt. 


Dlsob&rge 

in U. B. 

aallonfl 

per 

24 HnuiH. 


lioeeof 
Haodln 
Ft, dtie 
totbe 
Orlflctiof 


7,46 


0.86 


1,826 


22.70 


2,628,000 


0,44 


7,56 


0.89 


1,850 


23,32 


2,6G4,0<K) 


0.45 


7.66 


0,91 


1,875 


23.96 


2,700,000 


0.46 


7.76 


0.94 


1,900 


24.60 


2,736,000 


0.47 


7.86 


0.96 


1,925 


25.25 


2,772,(KX) 


a49 


7.97 


0.09 


1,950 


25.91 


2,808,000 


0.50 


a 07 


1.01 


1,975 


26.58 


2,844,000 


C61 


8<17 


1.04 


2,000 


27.26 


2,880,000 


0.52 


8.27 


1.06 


2,025 


27.94 


2,916,000 


0.54 


8.37 


1.09 


2,050 


28. G4 


2,952,000 


0.55 


8.48 


1.12 


2,075 


29.33 


2,988,000 


0l56 


8.68 


1.14 


2,100 


30.05 


3,024,000 


0,58 


8.68 


1.17 


2,125 


30,77 


3,060,000 


0.59 


8,78 


1.20 


%im 


31.50 


3,096,000 


0.61 


8.88 


L23 


2,175 


32.24 


3,132,000 


0.02 


B.99 


1.26 


2,200 


32.98 


3,168,000 


0.63 


9.G9 


1,28 


2,225 


33.74 


3,204,000 


0.65 


9.19 


1.31 


2,250 


3450 


3,240,000 


0.66 


9*29 


1,34 


2,275 


36,27 


3,276,000 


0.68 


9.40 


1.37 


2,300 


36,05 


3,312,000 


0.69 


SL50 


L40 


2,325 


3G.84 


3,348,000 


0,71 


0.60 


1,43 


2,350 


37,03 


3,384,000 


0.72 


9,70 


1.46 


2,375 


38.44 


3,420,000 


0,74 


9.80 


1,49 


2,400 


39.25 


3,456,000 


0.76 



114 FBICnON OF WATER IN CAST-IRON PIPES. 

DIAKETEB TEV nTGH. 



MMa 

Tetocity 

of Water 

in Ft. 

per 

Second. 


Bmdm 1 

Ft.». 

qtiiredto 

produce 

this 
TdDcity. 


DieduoKe' 
GmiliaoB 
S^rate. 


iMSOf 

Heed in 
Ft. due to 
Trictian, 

lOWFt. 


IMsdiaige 
in U.S. 
GftOcns 


liOSBOf 

Head in 

Ft. doe 

to the 

Orifice of 

Influx. 


9.91 i 


1.53 


2,425 


40.07 


3,492,000 


0.77 


10.01 


L56 


2,450 


40.90 


3,528,000 


0.79 


10.11 


1.59 


2,475 


41.74 


3,564,000 


0.80 


10.21 


1.62 


2,500 


42.59 


3,600,000 


0.82 


10.31 


1.65 


2,525 


43.45 


3,636,000 


0.84 


10.42 


L69 


2,550 


44.33 


3,672,000 


0.85 


10.52 


1.72 


2,575 


45.21 


3,708,000 


0.87 


10.62 


1.75 


2,600 


46.07 


3,744,000 


0.89 


10.72 


1.79 


2,625 


46.96 


3,780,000 


0.90 


10.83 


1.82 


2,650 


47.86 


3,816,000 


0.92 


10.93 


1.86 


2,675 


48.76 


3,852,000 


0.94 


11.03 


1.89 


2,700 


49.68 


3,888,000 


0.96 


11.13 


1.93 


2,725 


50.60 


3,924,000 


0.97 


11.23 


1.96 


2,750 


51.54 


3,960,000 


0.99 


11.34 


2.00 


2,775 


52.48 


3,996,000 


1.01 


11.44 


2.03 


2,800 


53.43 


4,032,000 


1.03 


11.54 


2.07 


2,825 


54.39 


4,068,000 


1.05 


11.64 


2.11 


2,850 


55.35 


4,104,000 


1.06 


11.74 


2.14 


2,875 


56.33 


4,140,000 


1.08 


11.85 


2.18 


2,900 


57.31 


4,176,000 


1.10 


11.95 


2.22 


2,925 


58.30 


4,212,000 


1.12 


12.05 


2.26 


2,950 


59.30 


4,248,000 


1.14 


12.15 


2.30 


2,975 


60.31 


4,284,000 


1.16 


12.26 


2.34 


3,000 


61.33 


4,320,000 


118 



FRICTION OF WATER IN CAST-IRON PIPES. 115 
DIAHETEB TWELVE INOH. 



Mean 
Velocity 
of Water 

In Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 

per 
1000 Ft. 


Discharge 
In U.S. 
Gallons 

24 Hours. 


Lobs of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


0.07 


0.00 


25 


0.01 


36,000 


0.00 


0.14 


0.00 


50 


0.01 


72,000 


0.00 


0.21 


0.00 


75 


0.03 


108,000 


0.00 


0.28 


0.00 


100 


0.04 


144,000 


0.00 


0.35 


0.00 


125 


0.04 


180,000 


0.00 


0.43 


0.00 


150 


0.06 


216,000 


0.00 


0.50 


0.00 


175 


0.08 


252,000 


0.00 


0.57 


0.01 


200 


0.11 


288,000 


0.00 


0.64 


0.01 


225 


0.14 


324,000 


0.00 


0.71 


0.01 


250 


0.17 


360,000 


0.00 


0.78 


0.01 


275 


0.20 


396,000 


0.00 


0.85 


0.01 


300 


0.24 


432,000 


0.01 


0.92 


0.01 


325 


0.28 


468,000 


0.01 


0.99 


0.02 


350 


0.33 


504,000 


0.01 


1.06 


0.02 


375 


0.38 


540,000 


0.01 


1.13 


0.02 


400 


0.43 


576,000 


0.01 


1.21 


0.02 


425 


0.49 


612,000 


0.01 


1.28 


0.03 


450 


0.55 


648,000 


0.01 


1.35 


0.03 


475 


0.61 


684,000 


0.01 


1.42 


0.03 


500 


0.67 


720,000 


0.02 


1.49 


0.03 


525 


0.74 


756,000 


0.02 


1.56 


0.04 


550 


0.82 


792,000 


0.02 


1.63 


0.04 


575 


0.89 


828,000 


0.02 


1.70 


0.05 


600 


0.97 


864,000 


0.02 



116 FMCnON OF WATEE IN CAST-IRON PEPBS. 
DIAHETEB TWELVE UTOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
inU.8. 
Gallons 

per 
Minute. 


Loss of 
Head in ' 
Ft. due to 

Friction,, 

ICWOFt. 


Discharge 
in U.S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


1.77 


0.05 


625 


1.05 


900,000 


0.03 


1.84 


0.05 


650 


1.14 


936,000 


0.03 


1.91 


0.06 


675 


1.23 


972,000 


03 


1.99 


0.06 


700 


1.32 


1,008,000 


0.03 


2.06 


0.07 


725 


1.42 


1,044,000 


0.03 


2.13 


0.07 


750 


1.52 


1,080,000 


0.04 


2.20 


0.08 


775 


1.62 


1,116,000 


0.04 


2.27 


0.08 


800 


1.73 


1,152,000 


0.04 


2.34 


0.09 


825 


1.84 


1,188,000 


0.04 


2.41 


0.09 


850 


1.95 


1,224,000 


0.05 


2.48 


0.10 


875 


2.07 


1,260,000 


0.05 


2.55 


0.10 


900 


2.19 


1,296,000 


0.05 


2.62 


0.11 


925 


2.31 


1,332,000 


0.05 


2.69 


0.11 


950 


2.44 


1,368,000 


0.06 


2.77 


0.12 


975 


2.56 


1,404,000 


0.06 


2.84 


0.13 


1,000 


2.70 


1,440,000 


0.06 


2.91 


0.13 


1,025 


2.83 


1,476,000 


0.07 


2.98 


0.14 


1,050 


2.97 


1,512,000 


0.07 


3.05 


0.14 


1,075 


3.12 


1,548,000 


0.07 


3.12 


0.15 


1,100 


3.26 


1,584,000 


0.08 


3.19 


0.16 


1,125 


3.41 


1,620,000 


0.08 


3.26 


0.17 


1,150 


3.57 


1,656,000 


0.08 


3.33 


0.17 


1,175 


3.72 


1,692,000 


0.08 


3.40 


0.18 


1,200 


3.88 


1,728,000 


0.09 



PRICJTION OP WATER IN CAST-IRON PIPES. 117 



DIAMETEE TWELVE INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 
Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. S. 
Gallons 

Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 

1000 Ft. 


Discharge 
in U. S. 
Gallons 

24 Sours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


3.48 


0.19 


1,225 


4.05 


1,764,000 


0.09 


3.55 


0.20 


1,250 


4.21 


1,800,000 


0.10 


3.62 


0.20 


1,275 


4.39 


1,836,000 


0.10 


3.69 


0.21 


1,300 


4.56 


1,872,000 


0.11 


3.76 


0.22 


1,325 


4.74 


1,908,000 


0.11 


3.83 


0.23 


1,350 


4.92 


1,944,000 


0.12 


8.90 


0.24 


1,375 


5.10 


1,980,000 


0.12 


3.97 


0.25 


1,400 


5.29 


2,016,000 


0.12 


4.04 


0.25 


1,425 


5.48 


2,052,000 


0.13 


4.11 


0.26 


1,450 


5.67 


2,088,000 


0.13 


4.18 


0.27 


1,475 


5.87 


2,124,000 


0.14 


4.26 


0.28 


1,500 


6.07 


2,160,000 


0.14 


4.33 


0.29 


1,525 


6.27 


2,196,000 


0.15 


4.40 


0.30 


1,550 


6.48 


2,232,000 


0.15 


4.47 


0.31 


1,575 


6.69 


2,268,000 


0.16 


4.54 


0.32 


1,600 


6.91 


2,304,000 


0.16 


4.61 


0.33 


1,625 


7.12 


2,340,000 


0.17 


4.68 


0.34 


1,650 


7.34 


2,376,000 


0.17 


4.75 


0.35 


1,675 


7.67 


2,412,000 


0.18 


4.82 


36 


1,700 


7.80 


2,448,000 


0.18 


4.89 


0.37 


1,725 


8.03 


2,484,000 


0.19 


4.96 


0.38 


1,750 


8.26 


2,520,000 


A. 19 


6.04 


0.39 


1,775 


8.50 


2,556,000 


0.20 


6.11 ' 


0.41 


1,800 


8.74 


2,592,000 


0.20 



118 FEICnON OF WATER IN CAST-IRON PIPES. 



DIAMETEB TWELVE DTOtt 



Mean 
Velocity 
of Water 

in Ft. 

per 
Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. H. 
OaUons 

imSte. 


Loss of 
Head in 
Ft. due to 
Friction. 

1000^. 


Discharge 
in U.S. 
GaUons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orificeof 
Influx. 


5.18 


0.42 


1,825 


8.98 


2,628,000 


0.21 


5.25 


0.43 


1,850 


9.23 


2,664,000 


0.22 


5.32 


0.44 


1,875 


9.48 


2,700,000 


0.22 


5.39 


0.45 


1,900 


9.74 


2,736,000 


0.23 


6.46 


0.46 


1,925 


9.99 


2,772,000 


0.23 


5.53 


0.48 


1,950 


10.26 


2,808,000 


0.24 


5.60 


0.49 


1,975 


10.52 


2,844,000 


0.25 


5.67 


0.50 


2,000 


10.79 


2,880,000 


0.25 


5.74 


0.51 


2,025 


11.06 


2,916,000 


0.26 


5.82 


0.53 


2,050 


11.34 


2,952,000 


0.27 


5.89 


0.54 


2,075 


11.61 


2,988,000 


0.27 


5.96 


0.55 


2 100 


11.90 


3,024,000 


0.28 


6.03 


0.57 


2,125 


12.18 


3,060,000 


0.29 


6.10 


0.58 


2,150 


12.47 


3,096,000 


0.29 


6.17 


0.59 


2,175 


12.76 


3,132,000 


0.30 


6.24 


0.61 


2,200 


• 13.06 


3,168,000 


0.31 


6.31 


0.62 


2,225 


13.35 


3,204,000 


0.31 


6.38 


0.63 


2,250 


13.65 


3,240,000 


0.32 


G.45 


0.65 


2,275 


13.96 


3,276,000 


0.33 


6.52 


0.66 


2,300 


14.27 


3,312,000 


0.33 


G.60 


0.68 


2,325 


14.58 


3,348,000 


0.34 


6.67 


0.69 


2,350 


14.90 


3,384,000 


0.35 


6.74 


0.71 


2,375 


15.22 


3,420,000 


0.36 


6.81 


0.72 


2,400 


15.54 


3,456,000 


0.36 



FBICnON OF WATER IN CAST-IRON PIPES. 119 
DIAMETEB TWELVE IlfOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

thiB 

Velocity. 


Discharge 
in U. 8. 
Gallons 

M^nte. 


Loss of 

Head in 

Ft. due to 

Friction, 

per 

1000 Ft. 


Discharge 
in V. 8. 
Gallons 

24 Hours. 


Lobs of 
Head in 
Ft. due 
to the 
Orifice of 


6.88 


0.74 


2,425 


15.86 


3,492,000 


0.37 


6.95 


0.75 


2,450 


16.19 


3,528,000 


0.38 


7.02 


0.77 


2,475 


16.52 


3,564,000 


0.39 


7.09 


0.78 


2,500 


16.86 


3,600,000 


0.39 


7.16 


0.80 


2,525 


17.20 


3,636,000 


0.40 


7.23 


0.81 


2,550 


17.54 


3,672,000 


0.41 


7.30 


0.83 


2,575 


17.89 


3,708,000 


0.42 


7.38 


0.85 


2,600 


18.23 


^,744,000 


0.43 


7.45 


0.86 


2,625 


18.59 


3,780,000 


0.44 


7.52 


0.88 


2,650 


18.94 


3,816,000 


0.44 


7.59 


0.90 


2,675 


19.30 


3,852,000 


0.45 


7.66 


0.91 


2,700 


19.66 


3,888,000 


0.46 


7.73 


0.93 


2,725 


20.03 


3,924,000 


0.47 


7.80 


0.95 


2,750 


20.40 


3,960,000 


0.48 


7.87 


0.96 


2,775 


20.77 


3,996,000 


0.49 


7.94 


0.98 


2,800 


21.15 


4,032,000 


0.50 


8.01 


1.00 


2,825 


21.53 


4,068,000 


0.50 


8.08 


1.02 


2,850 


21.91 


4,104,000 


0.51 


8.16 


1.04 


2,875 


22.29 


4,140,000 


0.52 


8.23 


1.05 


2,900 


22.68 


4,176,000 


0.53 


8,30 


1.07 


2,925 


23.08 


4,212,000 


0.54 


8.37 


1.09 


2,950 


23.47 


4,248,000 


0.55 


8.44 


1.11 


2,975 


23.87 


4,284,000 


0.56 


9M 


•143 


3,000 


24,29 


1 4,320,000 


. o.« 



120 FRICTION OF WATER IN CAST-IRON PIPES. 



DIAMETER TWELVE INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 

loSoFt. 


Discharge 
in U. 8. 
Gallons 

24 Hours. 


Lobs of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


8.58 


1.14 


3,025 


24.68 


4,356,000 


0.58 


8.65 


1.16 


3,050 


25.09 


4,392,000 


0.59 


8.72 


1.18 


3,075 


25.51 


4,428,000 


0.60 


8.79 


1.20 


3,100 


25.92 


4,464,000 


0.61 


8.86 


1.22 


3,125 


26.34 


4,500,000 


0.62 


8.94 


1.24 


3,150 


26.76 


4,536,000 


0.63 


9.01 


1.26 


3,175 


27.19 


4,572,000 


0.64 


9.08 


1.28 


3,200 


27.62 


4,608,000 


0.65 


9.15 


1.30 


3,225 


28.05 


4,644,000 


0.66 


9.22 


1.32 


3,250 


28.49 


4,680,000 


0.67 


9.29 


1.34 


3,275 


28.93 


4,716,000 


0.68 


9.36 


1.36 


3,300 


29.37 


4,752,000 


0.69 


9.43 


1.38 


3,325 


29.82 


4,788,000 


0.70 


9.50 


1.40 


3,350 


30.27 


4,824,000 


0.71 


9.57 


1.43 


3,375 


30.72 


4,860,000 


0.72 


9.65 


1.45 


3,400 


31.18 


4,896,000 


0.73 


9.72 


1.47 


3,425 


31.64 


4,932,000 


0.74 


9.79 


1.49 


3,450 


32.10 


4,968,000 


0.75 


9.86 


1.51 


3,475 


32.57 


5,004,000 


0.76 


9.93 


1.53 


3,500 


33.04 


5,040,000 


0.77 


10,00 


1.56 


3,525 


33.56 


5,076,000 


0.79 



FEICTION OF WATER IN CAST-IRON PIPES. 121 
DIAMETEB 8IXTEEH IHOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

per 
Minute. 


Loss of 

Head in 

Ft. due to 

Friction, 

per 

1000 Ft. 


Discharge 

inU. 8. 

Gallons 

per 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


0.08 


0.00 


50 


0.01 


72,000 


0.00 


0.16 


0.00 


100 


0.01 


144,000 


0.00 


0.24 


0.00 


150 


0.02 


216,000 


0.00 


0.32 


0.00 


200 


0.04 


288,000 


0.00 


0.40 


0.00 


250 


0.04 


360,000 


0.00 


0.48 


0.00 


300 


0.06 


432,000 


0.00 


0.56 


0.00 


350 


0.08 


504,000 


0.00 


0.64 


0.01 


400 


0.10 


576,000 


O.OQ 


0.72 


0.01 


450 


0.13 


648,000 


0.00 


0.80 


0.01 


500 


0.16 


720,000 


0.00 


0.88 


0.01 


550 


0.19 


792,000 


0.01 


0.96 


0.01 


600 


0.23 


864,000 


0.01 


1.04 


0.02 


650 


0.27 


936,000 


0.01 


1.12 


0.02 


700 


0.31 


1,008,000 


0.01 


1.20 


0.02 


750 


0.35 


1,080,000 


0.01 


1.28 


0.03 


800 


0.40 


1,152,000 


0.01 


1.36 


0.03 


850 


0.45 


1,224,000 


0.01 


1.44 


0.03 


900 


0.51 


1,296,000 


0.02 


1.52 


0.04 


950 


0.57 


1,368,000 


0.02 


1.60 


0.04 


1,000 


0.63 


1,440,000 


0.02 


1.68 


0.04 


1,050 


0.69 


1,512,000 


0.02 


1.76 


05 


1,100 


0.76 


1,584,000 


0.02 


1.84 


0.05 


1,150 


0.83 


1,656,000 


0.03 


L91 


0.06 


1,200 


0.90 


1,728,000 


0.03 



122 FRICTION OF WATER IN CAST-IRON PIPES. 

DIAHETEB SIXTEEIT INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. S. 
Gallons 

Minute. 


Lobs of 
Head in 
Ft. due to 
Friction, 

lO^Ft. 


Discharge 
in U.S. 
OaUons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


1.99 


0.06 


1,250 


0.98 


1,800,000 


0.03 


2.07 


0.07 


1,300 


1.06 


1,872,000 


0.03 


2.15 


0.07 


1,350 


1.15 


1,944,000 


0.04 


2.23 


0.08 


1,400 


1.23 


2,016,000 


0.04 


2.31 


0.08 


1,450 


1.32 


2,088,000 


0.04 


2.39 


0.09 


1,500 


1.41 


2,160,000 


0.04 


2.47 


0.10 


1,550 


1.51 


2,232,000 


0.05 


2.55 


0.10 


1,600 . 


1.61 


2,304,000 


0.05 


2.63 


0.11 


1,650 


1.71 


2,376,000 


0.05 


2.71 


0.11 


1,700 


1.81 


2,448,000 


0.06 


2.79 


0.12 


1,750 


1.92 


2,520,000 


0.06 


2.87 


0.13 


1,800 


2.03 


2,592,000 


0.06 


2.95 


0.14 


1,850 


2.15 


2,664,000 


0.07 


3.03 


0.14 


1,900 


2.27 


2,736,000 


0.07 


3.11 


0.15 


1,950 


2.39 


2,808,000 


0.08 


3.19 


0.16 


2,000 


2.51 


2,880,000 


0.08 


3.27 


0.17 


2,050 


2.64 


2,952,000 


0.08 


3.35 


0.17 


2,100 


2.77 


3,024,000 


0.09 


3.43 


0.18 


2,150 


2.90 


3,096,000 


0.09 


3.51 


0.19 


2,200 


3.04 


3,168,000 


0.10 


3.59 


0.20 


2,250 


3.18 


3,240,000 


0.10 


3.67 


0.21 


2,300 


3.32 


3,312,000 


0.11 


3.75 


0.22 


2,350 


3.47 
, 3.62 


3,384,000 


0.11 


3.83 1 


0,23 


i ^,400 


3,456,000 


0.13 



FEIcnON OF WATER IN CAST-IEON PIPES. 123 
DIAUETEB SIXTEEN IHOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discbage 
GaUons 
Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 

per 
1000 Ft. 


Discharge 
in U. 8. 
GaUons 

24 Hours. 


Loss of 
Head in 
Dt. due 
to the 
Oriflco of 
Influx. 


3.91 


0.25 


2,450 


3.77 


3,528,000 


0.12 


3.99 


0.25 


2,500 


3.92 


3,600,000 


0.13 


4.07 


0.26 


2,550 


4.08 


3,672,000 


0.13 


4.16 


0.27 


2,600 


4.24 


3,744,000 


0.14 


4.23 


0.28 


2,650 


4.41 


3,816,000 


0.14 


4,31 


0.29 


2,700 


4.58 


3,888,000 


0.15 


4.39 


0.30 


2,750 


4.75 


3,960,000 


0.15 


4.47 


0.31 


2,800 


4.92 


4,032,000 


0.16 


4.55 


0.32 


2,850 


5.10 


4,104,000 


0.16 . 


4.63 


0.33 


2,900 


5.28 


4,176,000 


0.17 


4.71 


0.34 


2,950 


5.46 


4,248,000 


0.17 


4,79 


0.36 


3,000 


5.65 


4,320,000 


0.18 


4.87 


0.37 


3,050 


5.84 


4,392,000 


akd9 


4.95 


0.38 


3,100 


6.03 


4,464,000 


0.19 


6.03 


0.39 


3,150 


6.23 


4,536,000 


0.20 


6.11 


0.40 


3,200 


6.43 


4,608,000 


0.20 


5.19 


0.42 


3,250 


6.63 


4,680,000 


0.21 


6.27 


0.43 


3,300 


6.84 


4,752,000 


0.22 


5.36 


0.44 


3,350 


7.05 


4,824,000 


0.22 


6.43 


0.46 


3,400 


7.26 


4,896,000 


0.23 


5.51 


0.47 


3,450 


7.47 


4,968,000 


0.24 


6.58 


0.49 


3,500 


7.69 


5,040,000 


0.25 


5.66 


0.50 


3,550 


7.91 


5,112,000 


0.25 


5.74 


0.51 


3,600 


8.14 


5,184,000 


0.26 



124 FRICTION OF WATER m CAST-IRON PIPES. 
DIAMETEB SIXTEElir IHOH. 



Knan 
Vfilocify 
of Water 

iQFt- 
p«r 


HcAdin 

rt. T^v 

quired to 
produce 

thlB 
Velocity. 


lnU.8. 
HMutfl. 


Low of 
Hdulln 
Ft, due to 
^Irictioa, 

ICWFt. 


Dlflc|]n:ge 

iti U. B. 

C^alloztB 

per 


Trfwuof 
He&dJn 
Ft. due 

tdihfi 
Ori^wf^ 


5.83 


0.53 


3,650 


8.36 


6,256,000 


0.27 


6.ft0 


0,54 


3,700 


8.59 


5,328,000 


a 27 


S.S8 


0.56 


3,750 


8.83 


5,400,000 


0.28 


6.06 


0.57 


3,800 


9,07 


6,472,000 


0.29 


6,U 


0.59 


3,8S0 


9.30 


6,544,000 


0,30 


6,23 


0.00 


3,0flU 


%.^^ 


6,616,000 


0.30 


6.30 


0,G2 


3,950 


9.90 


5,088,000 


0.31 


6,a8 


0.63 


4,000 


10.05 


5,76a,tK)0 


aaa 


6.4G 


0.65 


4,050 


10,30 


5,832,000 


0.3S 


6.51 


0.67 


4400 


10.55 


5,904^000 


0.34 


6,62 


0.68 


4,150 


10.81 


5,976,000 


0.34 


6,70 


0.70 


4,200 


11.07 


6,048,000 


0.35 


6.78 


0.72 


4,250 


1L34 


6,120,000 


0,36 


6.8G 


0,73 


4,300 


11.61 


6,192,000 


0.37 


6.94 


0.76 


4,350 


11.88 


6,264,000 


0.38 


7,02 


0.77 


4,4t)a 


12.15 


6^336,000 


0,39 


7.10 


0,78 


4,450 


12.41 


6,408,000 


0.40 


7. IS 


0.80 


4,500 


12,71 


6,480,000 


0.40 


7,26 


0.82 


4,550 


13.00 


6,652,000 


0.41 


7.34 


0,84 


4,600 


13.28 


6,624,000 


0.42 


7,43 


0.86 


4,650 


13, r7 


6,096,000 


0.43 


7.50 


0,88 


4,700 


13,87 


fiJ68,0O0 


0.44 


7.58 


0,89 


4,750 


14.16 


6,840,000 


0.45 


Z60 I 


0.91 


4,800 


14.46 


fi.912,000 


0.46 



FRICTION OF WATER IN CAST-IRON PIPES. 125 
SIAHDTEB SIXTEEN INOH. 



Mean 
Velocity 
of Water 

In Ft. 

per 

Second, 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. B. 
Gallons 

l£Ste. 


Less of 
Head in 
Ft. due to 
Friction, 

lOOoFt. 


Discharge 
In U. 8. 
Qall.ns 

24 Hours. 


Lofsof 
Head in 
Ft. due 
t>the 
Orifice of 
Influx. 


7.74 


0.93 


4,850 


14.77 


6,984,000 


0.47 


7.82 


0.95 


4,900 


15.07 


7,056,000 


0.48 


7.90 


0.97 


4,950 


15.38 


7,128,000 


0.49 


7.98 


0.99 


5,000 


15.69 


7,200,000 


0.50 


8.06 


1.01 


5,050 


16.01 


7,272,000 


0.51 


8.U 


1.03 


5,100 


16.33 


7,344,000 


0.52 


8.22 


1.05 


5,150 


16.65 


7,416,000 


0.53 


8.30 


1.07 


5,200 


16.97 


7,488,000 


0.54 


8.38 


1.09 


6,250 


17.30 


7,560,000 


0.55 


8.46 


1.11 


5,300 


17.63 


7,632,000 


0.56 


8.64 


1.13 


5,350 


17.97 


7,704,000 


0.57 


8.62 


1.15 


5,400 


18.31 


7,776,000 


0.58 


8.70 


1.18 


5,450 


18.65 


7,848,000 


0.59 


8.78 


1.20 


5,500 


18.99 


7,920,000 


0.61 


8.86 


1.22 


5,550 


19.34 


7,992,000 


0.62 


8.94 


1.24 


5,600 


19.69 


8,064,000 


0.63 



126 FRICTION OF WATER IN CAST-IRON PIPES. 

DIAMETEB TWEHTY DTOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

Mmute. 


Loss of 
Head in 
Ft. due to 
Friction, 

per 
1000 Ft. 


Discharge 
in U. 8. 
Gallons 

24 Hoars. 


TiOmof 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


0.05 


0.00 


50 


0.00 


72,000 


0.00 


0.10 


0.00 


100 


0.01 


144,000 


0.00 


0.15 


0.00 


150 


0.01 


216,000 


0.00 


0.20 


0.00 


200 


0.01 


288,000 


0.00 


0.26 


0.00 


250 


0.02 


360,000 


0.00 


0.31 


0.00 


300 


0.03 


432,000 


0.00 


0.36 


0.00 


350 


0.03 


504,000 


0.00 


0.41 


0.00 


400 


0.03 . 


576,000 


0.00 


0.46 


0.00 


450 


0.04 


648,000 


0.00 


0.51 


0.00 


500 


0.05 


720,000 


0.00 


0.56 


0.00 


550 


0.06 


792,000 


0.00 


0.61 


0.01 


600 


0.07 


864,000 


0.00 


0.66 


0.01 


650 


0.09 


936,000 


0.00 


0.71 


0.01 


700 


0.10 


1,008,000 


0.00 


0.77 


0.01 


750 


0.11 


1,080,000 


0.00 


0.82 


0.01 


800 


0.13 


1,152,000 


0.01 


0.87 


0.01 


850 


0.15 


1,224,000 


0.01 


0.92 


0.01 


900 


0.16 


1,296,000 


0.01 


0.97 


0.01 


950 


0.18 


1,368,000 


0.01 


1.02 


0.02 


1,000 


0.20 


1,440,000 


0.01 


1.07 


0.02 


1,050 


22 


1,512,000 


0.01 


1.12 


0.02 


1,100 


0.25 


1,584,000 


0.01 


1.17 


0.02 


1,150 


0.27 


1,656,000 


0.01 


1.23 


0.02 


1,200 


0.29 


1,728,000 


0.01 



FRICTION OP WATER IN CAST-IRON PIPES. 127 

DIAMETEB TWENTT USTOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
OaUons 

l£ute. 


Head in 
Ft. due to 
Friction, 

1000 Ft. 


Discharge 
in U. 8. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Oiiflceof 
Influx. 


1.28 


0.03 


1,250 


0.32 


1,800,000 


0.01 


1.33 


0.03 


1,300 


0.34 


1,872,000 


0.01 


1.38 


0.03 


1,350 


0.37 


1,944,000 


0.01 


1.43 


0.03 


1,400 


0.40 


2,016,000 


0.02 


1.48 


0.03 


1.450 


0.43 


2,088,000 


0.02 


1.53 


0.04 


1,500 


0.46 


.2,160,000 


0.02 


1.58 


0.04 


1,550 


0.49 


2,232,000 


0.02 


1.63 


0.04 


1,600 


0.52 


2,304,000 


0.02 


1.69 


0.04 


1,650 


0.55 


2,376,0(»0 


0.02 


1.74 


0.05 


1,700 


0.59 


2,448,000 


0.02 


1.79 


0.05 


1,750 


0.62 


2,520,000 


0.03 


1.84 


0.05 


1,800 


0.66 


2,592,000 


0.03 


1.89 


0.06 


1,850 


0.70 


2,664,000 


0.03 


1.94 


0.06 


1,900 


0.73 


2,736,000 


0.03 


1.99 


0.06 


1,950 


0.77 


2,808,000 


0.03 


2.04 


0.06 


2,000 


0.81 


2,880,000 


0.03 


2.09 


0.07 


2,050 


0.85 


2,952,000 


0.03 


2.14 


0.07 


2,100 


0.90 


3,024,000 


0.04 


2.20 


0.08 


2,150 


0.94 


3,096,000 


0.04 


2.25 


0.08 


2,200 


0.98 


3,168,000 


0,04 


2.30 


0.08 


2,250 


1.03 


3,240,000 


0.04 . 


2.35 


0.09 


2,300 


1.07 


3,312,000 


0.04 


2.40 


0.09 


2,350 


1.12 


3,384,000 


0.05 


2.45 


0.09 


2,400 


1.17 


3,456,000 


0.06 



128 FRICTION OP WATER IN CAST-IRON PIPES. 

DIAMETEE TWENTY INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 
Second. 


Head in 
Ft. re- 
quired to 
pro luce 

this 
Velocity. 


Discharge 
inU. s. 
(iallons 

M^ute. 


Loss of 
Htad in 
Ft. dufto 
Friction. 

per 
1000 Ft. 


Discharge 
in U. S. 
Gallona 

24 Hours. 


Loss of 
Head in 
Ft. due 
totbe 
Oriflceof 
influx. 


2.50 


0.10 


2,450 


1.22 


3,528,000 


0.05 


2.55 


0.10 


2,500 


1.27 


3,600,000 


0.05 


2.60 


0.11 


2,550 


1.32 


3,672,000 


005 


2.66 


0.11 


2,600 


1.37 


3,744,000 


0.06 


2.71 


0.11 


2,650 


1.43 


3,816,000 


0.06 


2.76 


0.12 


2,700 


1.48 


3,888,000 


0.06 


2.81 


0.12 


2,750 


1.54 


3,960,000 


0.06 


2.86 


0.13 


2,800 


1.59 


4,032,000 


0.00 


2.91 


0.13 


2,850 


1.65 


4,104,000 


0.07 


2.96 


0.14 


2,900 


1.71 


4,176,000 


0.07 


3.01 


0.14 


2,950 


1.77 


4,248,000 


0.07 


3.06 


0.15 


3,000 


1.83 


4,320,000 


0.07 


3.11 


0.15 


3,050 


1.89 


4,392,000 


0.08 


3.17 


0.16 


3,100 


1.95 


4,464,000 


0.08 


3.22 


0.16 


3,150 


2.02 


4,536,000 


0.08 


3.27 


0.17 


3,200 


2.08 


4,608,000 


0.08 


3.32 


0.17 


3,250 


2.15 


4,680,000 


0.09 


3.37 


0.18 


3,300 


2.21 


4,752,000 


0.09 


3.42 


0.18 


3,350 


2.28 


4,824,000 


0.09 


3.47 


0.19 


3,400 


2.35 


4,896,000 


0.09 


3.52 


0.19 


3,450 


2.42 


4,968,000 


0.10 


3.57 


0.20 


3,500 


2.49 


5,040,000 


0.10 


3.63 


0.20 


3,550 


2.56 


5,112,000 


0.10 


3.68 


0.21 


3,600 


2.63 


5,184,000 


0.11 
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DIAMETEE TWENTY INOH. 



Mean 
Velocity 
of Water 

in Ft. 

pnr 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discbarge 
in U.S. 
Gallons 

Mbmte. 


Loss of 
Head in 
Ft. due to 
Friction. 

lOWFt. 


Discharge 
in U. 8. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 

to the 
Orifice of 

Tnfliix. 


3.73 


0.22 


3,650 


2.71 


5,256,000 


0.11 


3.78 


0.22 


3,700 


2.78 


5,328,000 


0.11 


3.83 


0.23 


3,750 


2.86 


5,400,000 


0.12 


3.88 


0.23 


3,800 


2.93 


5,472,000 


0.12 


3.93 


0.24 


3,850 


3.01 


5,544,000 


0.12 


3.98 


0.25 


3,900 


3.09 


5,616,000 


0.12 


4.03 


0.25 


3,950 


3.17 


5,688,000 


0.13 


4.09 


0.26 


4,000 


3.25 


5,760,000 


0.13 


4.14 


0.27 


4,050 


3.33 


5,832,000 


0.13 


4.19 


0.27 


4,100 


3.42 


5,904,000 


0.14 


4.24 


0.28 


4,150 


3.50 


5,976,000 


0.14 


4.29 


0.29 


4,200 


3.58 


6,048,000 


0.14 


4.34 


0.29 


4,250 


3.67 


6,120,000 


0.15 


4.39 


0.30 


4,300 


3.76 


6,192,000 


0.15 


4.44 


0.31 


4,350 


3.84 


6,264,000 


0.15 


4.49 


0.31 


4,400 


3.93 


6,336,000 


0.16 


4.54 


0.32 


4,450 


4.02 


6,408,000 


0.16 


4.60 


0.33 


4,500 


4.11 


6,480,000 


0.17 


4.65 


0.34 


4,550 


4.21 


6,552,000 


0.17 


4.70 


0.34 


4,600 


4.30 


6,624,000 


0.17 


4.75 


0.35 


4,650 


4.39 


6,696,000 


0.18 


4.80 


0.36 


4,700 


4.49 


6,768,000 


0.18 


4.85 


0.37 


4,750 


4.58 


6,840,000 


0.18 


4.90 


0.37 


4,800 


4.68 


6,912,000 


0.19 
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DIAMETEB TWEHTY INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U.S. 
Gallons 

M^nte. 


liomof 
Head in 
Ft. due to 
Friction, 

lOWFt. 


Discharge 
in U.S. 
GaUons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


4.96 


0.38 


4,850 


4.78 


6,984,000 


0.19 


5.00 


0.39 


4,900 


4.88 


7,056,000 


0.20 


5.06 


0.40 


4,950 


4.98 


7,128,000 


0.20 


5.11 


0.41 


5,000 


5.08 


7,200,000 


0.20 


5.16 


0.41 


6,050 


5.18 


7,272,000 


0.21 


5.21 


0.42 


5,100 


5.28 


7,344,000 


0.21 


5.26 


0.43 


5,150 


5.39 


7,416,000 


0.22 


6.31 


0.44 


5,200 


5.49 


7,488,000 


22 


5.36 


0.45 


5,250 


5.60 


7,560,000 


0.23 


6.41 


0.46 


5,300 


5.71 


7,632,000 


0.23 


5.46 


0.46 


5,350 


5.82 


7,704,000 


0.23 


6.51 


0.47 


5,400 


5.92 


7,776,000 


0.24 


6.57 


0.48 


5,450 


6.04 


7,848,000 


0.24 


5.62 


0.49 


5,500 


6.15 


7,920,000 


0.25 


6.67 


0.50 


5,550 


6.26 


7,992,000 


0.25 


5.72 


0.51 


5,600 


6.37 


8,064,000 


0.26 


5.77 


0.52 


5,650 


6.49 


8,136,000 


0.26 


5.82 


0.53 


5,700 


6.60 


8,208,000 


0.27 


5.87 


0.54 


5,750 


6.72 


8,280,000 


0.27 


5.92 


0.55 


5,800 


6.84 


8,352,000 


0.28 


5.97 


0.55 


5,850 


6.95 


8,424,000 


0.28 


6.03 


0.56 


5,900 


7.07 


8,496,000 


0.29 


6.08 


0.57 


5,950 


7.19 


8,568,000 


0.29 


6A3 


0.58 


6,000 


7.31 


8,640,000 


0.29 
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DIAMETEE TWEN TT DfOH. 



Mean 
Velocity 
of Water 

in Ft. 


Head in 
Ft. re- 
quired to 
produce 


Diflcharge 
inU.a 
Gallons 


Loss of 
Head in 
Ft. due to 
Friction, 


Discharge 
in U. 8. 
Gallons 


Loss of 
Head in 
Ft. due 
to the 


per 
Second. 


this 
Velocity. 


Minute. 


IWOFt. 


24 Hours. 


Orifice of 
Influx. 


6.18 


0.59 


6,050 


7.44 


8,712,000 


0.30 


6.23 


0.60 


6,100 


7.56 


8,784,000 


0.30 


6.28 


0.61 


6,150 


7.68 


8,856,000 


0.31 


6.33 


0.62 


6,200 


7.81 


8,928,000 


0.31 


6.38 


0.63 


6,250 


7.94 


9,000,000 


0.32 


6.43 


0.64 


6,300 


8.06 


9,072,000 


0.32 


6.48 


0.65 


6,350 


8.19 


9,144,000 


0.33 


.6.54 


0.66 


6,400 


8.32 


9,216,000 


0.34 


6.59 


0.67 


6,450 


8.45 


9,288,000 


0.34 


6.64 


0.69 


6,500 


8.58 


9,360,000 


0.35 


6.69 


0.70 


6,550 


8.72 


9,432,000 


0.35 


6.74 


0.71 


6,600 


8.85 


9,504,000 


0.36 


6.79 


0.72 


6,650 


8.99 


9,576,000 


0.36 


6.84 


0.73 


6,700 


9.12 


9,648,000 


0.37 


6.89 


0.74 


6,750 


9.26 


9,720,000 


0.37 


6.94 


0.75 


6,800 


9.40 


9,792,000 


0.38 


7.00 


0.76 


6,850 


9.53 


9,864,000 


0.38 


7.05 


0.77 


6,900 


9.67 


9,936,000 


0.39 


7.10 


0.78 


6,950 


9.81 


10,008,000 


0.40 


7.15 


0.79 


7,000 


9.96 


10,080,000 


0.40 


7.20 


0.81 


7,050 


10.10 


10,152,000 


0.41 


7.25 


0.82 


7,100 


10.24 


10,224,000 


0.41 


7.30 


0.83 


7,150 


10.39 


10,296,000 


0.42 


7.35 


0,84 


7,200 


10,53 


10,368,000 


0.42 



132 FRICTION OF WATER IN CAST-IRON PIPES. 



DIAMETER TWENTY INCH. 



Mean 

Velocity 

of Water 

In Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 

loS?Ft. 


Gallons 
24HOT1ZS. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


7.40 
7.46 
7.51 
7.56 
7.61 
7.66 


0.85 
0.86 
0.88 
0.89 
0.90 
0.91 


7,250 
7,300 
7,350 
7,400 
7,450 
7,500 


10.68 
10.83' 
10.98 
11.13 
11.28 
11.43 


10,440,000 
10,512,000 
10,584,000 
10,656,000 
10,728,000 
10,800,000 


0.43 
0.44 
0.44 
0.45 
0.45 
a46 



FBICnON OF WATER IN CAST-IEON PIPES. 133 



DIAMETEE TWENTY-POUR DTOH. 



Heim 
Yela-lty 
^ Wftter 

in Ft. 

pel' 

Second. 


H«ad In 

Ft, ro- 

qulred to 

tliiii 


Dim^hargp 
in C, M. 
GiUlons 


Lnas of 

Hi^Qd Id 

Ft due to 

FricUon, 

pef 

lOuOFt. 


Dtacharge 
In U. H. 
OBlI<ma 


Losi of 
Ucadln 
rt. due 
totbe 
Oriflc^^of 
Influx. 


ao4 


0.00 


50 


0.00 


72,000 


0.00 


^).07 


aoo 


100 


0.00 


144,*^ 


0.00 


0.11 


0.00 


150 


0.01 


216,000 


0.00 


0.14 


0.00 


200 


0.01 


288,000 


0.00 


0.18 


0.00 


250 


0.01 


360,000 


0.00 


0.31 


0.00 


300 


0.01 


432,000 


0.0O 


o.a5 


0.00 


360 


0.02 


504,000 


0.00 


0.28 


0.00 


400 


o.oa 


67fJ,000 


0.00 


0.32 


0.00 


450 


0.02 


643,000 


0.00 


0,S5 


0.00 


600 


002 


720,000 


0.00 


0.39 


0.00 


550 


0.02 


792,000 


0.00 


0.4S 


0.00 


600 


0.03 


864,0<>0 


0.00 


0.46 


o.oo 


650 


0.03 


936,000 


0.00 


0.50 


0.00 


700 


0.04 


1,008,000 


0,00 


0.63 


0.00 


760 


0.06 


1,080,000 


0.00 


0.57 


0.01 


800 


0.05 


1,152,000 


0.00 


OJiO 


O.01 


850 


0.06 


1,224,000 


0.0O 


0.64 


0.01 


000 


0.07 


1,296,000 


0,00 


0»67 


0,01 


%0 


0.07 


1,368,000 


0,00 


0,71 


0,01 


1,000 


0.08 


1,440,000 


0.00 


0L74 


0.01 


1,050 


0.09 


1,512,000 


0.00 


a 78 


01 


1,100 


0,10 


1,584,000 


0.00 


0.82 


0.01 


1,150 


0.11 


1,656,000 


0.01 


0.85 


0.01 


1,200 


0.12 


1,728,000 


0.01 



134 FRICTION OP WATER IN CAST-IRON PIPES. 

DIAMETER TWEHTT-FOTJB DTOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

M?nute. 


Loss of 
Head in 
Ft. due to 
Friction, 

lO^Ft. 


Discharge 
in U.S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


0.89 


0.01 


1,250 


0.13 


1,800,000 


0.01 


0.92 


0.01 


1,300 


0.14r 


1,872,000 


0.01 


0.96 


0.01 


1,350 


0.15 


1,944,000 


0.01 


0.99 


0.02 


1,400 


0.16 


2,016,000 


0.01 


1.03 


0.02 


1,450 


0.17 


2,088,000 


0.01 


1.06 


0.02 


1,500 


0.18 


2,160,000 


0.01 


1.10 


0.02 


1,550 


0.19 


2,232,000 


0.01 


1.13 


0.02 


1,600 


0.21 


2,304,000 


0.01 


1.17 


0.02 


1,650 


0.22 


2,376,000 


0.01 


1.21 


0.02 


1,700 


0.23 


2,448,000 


0.01 


1.24 


0.02 


1,750 


0.25 


2,520,000 


0.01 


1.28 


0.03 


1,800 


0.26 


2,592,000 


0.01 


1.31 


0.03 


1,850 


0.28 


2,664,000 


0.01 


1.35 


0.03 


1,900 


0.29 


2,736,000 


0.01 


1.38 


0.03 


1,950 


0.31 


2,808,000 


0.02 


1.42 


0.03 


2,000 


0.32 


2,880,000 


0.02 


1.45 


0.03 


2,050 


0.34 


2,952,000 


0.02 


1.49 


0.03 


2,100 


0.36 


3,024,000 


0.02 


1.52 


0.04 


2,150 


0.37 


3,096,000 


0.02 


1.56 


0.04 


2,200 


0.39 


3,168,000 


0.02 


1.60 


0.04 


2,250 


0.41 


3,240,000 


0.02 


1.63 


0.04 


2,300 


0.43 


3,312,000 


0.02 


1.67 


0.04 


2,350 


0.45 


3,384,000 


0.02 


i,70 


0,05 


2,400 


0.47 


3,456,000 


Q.0? 
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DIAMETEE TWENTT-FOUE INCH. 



Mean 
Velocity 
of Water 

in Ft 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discbarge 
in U. 8. 
QaUons 

per 
Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 

per 
1000 Ft. 


Discharge 
in U. 8. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. du6 
to the 
Orifice of 
Influx. 


1.74 


0.05 


2,450 


0.49 


3,528,000 


0.02 


1.77 


0.05 


2,500 


0.51 


3,600,000 


0.02 


1.81 


0.05 


2,550 


0.53 


3,672,000 


0.03 


1.84 


0.05 


2,600 


0.55 


3,744,000 


0.03 


1.88 


0.05 


2,650 


0.57 


3,816,000 


0.03 


1.91 


0.06 


2,700 


0.59 


3,888,000 


0.03 


1.95 


0.06 


2,750 


0.61 


3,960,000 


0.03 


1.99 


0.06 


2,800 


0.64 


4,032,000 


0.03 


2.02 


0.06 


2,850 


0.66 


4,104,000 


0.03 


2.06 


0.07 


2,900 


0.68 


4,176,000 


0.03 


2.09 


0.07 


2,950 


0.70 


4,248,000 


0.03 


2.13 


0.07 


3,000 


0.73 


4,320,000 


0.04 


2.16 


0.07 


3,050 


0.75 


4,392,000 


0.04 


2.20 


0.08 


3,100 


0.78 


4,464,000 


0.04 


2.23 


0.08 


3,150 


0.80 


4,536,000 


0.04 


2.27 


0.08 


3,200 


0.83 


4,608,000 


0.04 


2.30 


0.08 


3,250 


0.86 


4,680,000 


0.01 


2.34 


0.09 


3,300 


0.88 


4,752,000 


0.04 


2.38 


0.09 


3,350 


0.91 


4,824,000 


0.04 


2.41 


0.09 


3,400 


0.94 


4,896,000 


0.05 


2.45 


0.09 


3,450 


0.97 


4,968,000 


0.05 


2.48 


0.10 


3,500 


0.99 


5,040,000 


0.05 


2.52 


0.10 


3,550 


1.02 


5,112,000 


0.05 


2.55 


0.10 


3,600 


1.05 


5,184,000 


0.05 



136 FRIGnON OF WATER IN GAST-IBON PIPES. 
DIAMETEE TWiOf TT-FOUE INOH. 



Mean 
Velocity 
of Water 

in Ft. 

pT 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in D.U. 
Gallons 

per 
Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 

per 
10(M)Ft. 


Dischax^e 
in U. a. 
Gidlons 

24HoniB. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


2.59 


0.10 


3,650 


1.08 


5,256,000 


0.05 


2.62 


0.11 


3,700 


1.11 


5,328,000 


0.05 


2.66 


0.11 


3,750 


1.14 


5,400,000 


0.06 


2.69 


0.11 


3,800 


1.17 


5,472,000 


0.06 


2.73 


0.12 


3,850 


1.20 


5,544,000 


0.06 


2.77 


0.12 


3,900 


1.23 


5,616,000 


0.06 


2.80 


0.12 


3,950 


1.26 


5,688,000 


0.06 


2.84 


0.13 


4,000 


1.30 


5,760,000 


0.06 


2.87 


0.13 


4,050 


1.33 


5,832,000 


0.06 


2.91 


0.13 


4,100 


1.36 


5,904,000 


0.07 


2.94 


0.13 


4,150 


1.40 


5,976,000 


0.07 


2.98 


0.U 


4,200 


1.43 


6,048,000 


0.07 


3.01 


0.14 


4,250 


1.46 


6,120,000 


0.07 


3.05 


0.14 


4,300 


1.50 


6,192,000 


0.07 


3.09 


0.15 


4,350 


1.53 


6,264,000 


0.07 


3.12 


0.15 


4,400 


1.57 


6,336,000 


0.08 


3.16 


0.15 


4,450 


1.60 


6,408,000 


0.08 


3.19 


0.16 


4,500 


1.64 


6,480,000 


0.08 


3.23 


0.16 


4,550 


1.68 


6,552,000 


0.08 


3.26 


0.17 


4,600 


1.71 


6,624,000 


0.08 


3.30 


0.17 


4,650 


1.75 


6,696,000 


0.09 


3.33 


0.17 


4,700 


1.79 


6,768,000 


0.09 


3.37 


0.18 


4,750 


1.83 


6,840,000 


0.09 


SAO 


0.18 


4,800 


1.87 


6,912,000 


0.09 
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DIAMETEE rWENTY-POUB INCH. 



Mean 

Vdoclty 

of Water 

la Ft. 

per 


B»dfn 

Ft, n> 

qiiired to 

produce 

thin 
Velocity, 


DlacbKTge 

Id U. B. 

GaJlone 

per 


Head ia 
Ft.<3ueto 
FricHon, 


in U, H. 

Oullcmfi 

per 


Lou of 
Head In 
Ft. rtue 
tcjthe 
Orifice of 


3.44 


0,18 


4,850 


1,91 


6,984,000 


0.09 


3,48 


0.19 


4,900 


1,94 


7,056,000 


0.09 


3.51 


0,10 


4^950 


1,98 


7,128,000 


0.10 


3.56 


0.20 


5,0fK) 


2,03 


7,200,000 


0-10 


asa 


0.20 


5,050 


2.07 


7,272,000 


0.10 


3.62 


0.20 


5^100 


2.11 


7,344,000 


0.10 


aea 


a 31 


5,150 


3.15 


7.416,000 


0.10 


3.6^ 


0.31 


5,200 


119 


7,488.000 


Oil 


3.7a 


0.23 


5,250 


2.28 


7,560,000 


0.11 


3.7e 


0.22 


5,300 


2,28 


7.632,000 


0.11 


9.79 


0.23 


5,350 


2.32 


7,704,000 


0.11 


3.83 


0.23 


5,400 


2,36 


7,776,000 


0,12 


3.87 


0,23 


5,460 


2.41 


7,848,000 


0.12 


3,90 


0.24 


5,500 


2.45 


7,920,000 


0.12 


3.94 


0.24 


6,550 


2.60 


7,992,000 


0,12 


8,07 


0.35 


5, GOO 


2.64 


8,064,000 


0.12 


4.01 


0,25 


5,650 


2.69 


8,136,000 


0.13 


404 


0.25 


5,700 


2.63 


S, 208, 000 


0.13 


4.08 


0.26 


5,750 


2,68 


8,280,000 


0.13 


4.11 


0.26 


5,800 


2.72 


8,352,000 


0.13 


4*15 


0.27 


5,850 


2.77 


8,424,000 


0.14 


4.1S 


a27 


5,900 


2,82 


8,496,000 


a 14 


4.33 


0.28 


5,950 


3.87 


8,568,000 


0.14 


4.2S 


0,28 


6,000 


2.92 


8,640,000 


0.14 
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DIAMETEE TWENTT-rOUE INOH. 



of 1lkl«T 

In Ft. 


Hdd in 

Ft. it^ 

qnired to 

prodnoB 
tbm 


Gftllonfl 

per 
MinntA^ 


LOH of 
Hud In 
Ft. due to 
FHoUon. 

ll»OFt« 


IntJ. H, 

GiUiina 

per 


LfMBOf 

Headln 

Ft due 

toUiB 

Crifl<»of 


4,29 


a 29 


6,050 


2.96 


8J12,0O0 


0.14 


C33 


*..29 


6,100 


3.01 


8,764,000 


0.16 


4.3e 


a.30 


6,150 


3.06 


8,856,000 


a 15 


4M 


0.30 


6,200 


3,11 


8,028,000 


0.15 


4.43 


0.31 


6,250 


3*16 


9,000,000 


0.16 


4A7 


0,31 


6,300 


3.22 


9,072,000 


0,16 


460 


0.32 


0,350 


3.27 


9,144,000 


0.18 


4.r)4 


0.32 


6,400 


3,32 


9,216,000 


Clfi 


4.57 


0.33 


6,4.50 


3,37 


9,286,000 


0.16 


4.61 


0.33 


41,500 


3.42 


9,360,000 


0,17 


4.65 


0.34 


6,550 


3,4S 


9,432,000 


0.17 


4.68 


0.34 


0,600 


3,63 


9,504,000 


0.17 


4.72 


0.35 


6,650 


3.58 


9,576,000 


0.17 


4,75 


0.35 


6,700 


3.64 


9,648,000 


0.16 


4.79 


0.30 


t\750 


3.69 


9,720,000 


0.18 


4.82 


0.3fi 


6,800 


3.75 


9,792,04)0 


0,1S 


4,86 


0.37 


6,850 


3,80 


9,864,000 


0.19 


AM 


0.37 


fi,yoo 


3. SO 


y,936,000 


0.19 


iM 


0.38 


t5,%0 


3.91 


10,008,000 


0.19 


4.m 


0,38 


7,0CKJ 


3.97 


10,080,000 


0.19 


6.00 


U.3D 


7,(^50 


4 03 


10,152,000 


0,20 


^M 


0.31) 


7.100 


4.08 


10,224,000 


0,20 


M.m : 


0.40 


7,150 


4.14 


10,29G,(KIO 


0.20 


SAl , 


QAl 


7,200 


4.20 


10,308,000 


0,2C 
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DIAMETEE TWENTY-FOUR INCH. 



Mean 

Telocity 

of WAter 

in Ft, 

per 
BtDond* 


HffiUl in 
Ft. re- 
quired td 
pro lur« 

tbiii 
Velocity, 


Discharge 
in TT, a. 
(ialldnfi 

Miuiite, 


neaU iTi 
Ft.du^to 
Friction. 

por 
1000 Ft. 


Disclmrgo 

ill V. a, 

OaUoi.H 

per 

24 Uour«. 

10,440,000 


LodAof 
Heiul lu 
Ft, due 
td Vi« 
Orifice of 


£ul4 


0.41 


7,250 


4.26 


0.21 


BM 


QM 


7,300 


4.32 


10,512,000 


0.21 


5,31 


0.42 


7,350 


i.38 


10,584,000 


0,21 


5>9& 


0.43 


7,400 


4.44 


10,656,000 


0,22 


&26 


Q.43 


7,450 


Lm 


10,728,000 


0,22 


6l32 


0.44 


7,500 


4.56 


10,800,000 


0.22 


fi.3g 


0,45 


7,550 


4.62 


10,872,000 


0,23 


5w3g 


0.45 


7,600 


4.68 


10,^44,000 


0.23 


€.43 


0.46 


7,650 


4.74 


11,016,000 


0.23 


6,46 


0,46 


7,700 


4. HO 


11,088,000 


0,23 


5.&0 


0.47 


7,750 


4.87 


11,160,000 


0.24 


5.53 


0.48 


7,8(iO 


4.1IJ 


ll,2:i2,000 


0.24 


5.57 


0,48 


7,S.^0 


4.99 


11,304,000 


0.24 


5, GO 


o.4y 


7^1^110 


5,06 


11,376,000 


0.25 


5.&4 


o.4y 


7,5)50 


5.13 


11,448,000 


0.25 


5.67 


o.riu 


HjUUi) 


-118 


11,520,000 


0,25 


5,7L 


0.51 


8,050 


5,25 


11,592, 0(MJ 


0.26 


5.74 


0.61 


8,100 


5.32 


11,664,000 


0,26 


5.7S 


0.52 


8,150 


y.Sg 


11,736,000 


0.26 


5M 


0,53 


8,300 


5.45 


11,808,000 


0.27 


6.85 


0.53 


8,250 


5.51 


11,880,000 


0.27 


5.89 


0,54 


8,300 


5.58 


11,952^000 


0.27 


5,92 


0.55 


8,350 


6,(i5 


12,024,000 


0.28 


£.96 J 


0.55 , 


8^400 


5.72 


12,09(5,000 


0.28 
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DIAMETEE TWENTT-FOUE DTOH. 



MaaxL 
V*-lnclty 
of Water 

in Ft. 


Eaitd ta 

Ft. 156- 

quired to 
produce 


laTJ, bs. 
QaUons 


Head In 

Ft. doe to 


IHwbargo 

in u. s: 


He^din 

Ft. dnB 
toibfl 


per 
Beocmd. 


this 
Telflcitf, 


Minute. 


par 


per 


OiiiSoeof 
Influx. * 


K99 


0.66 


8,^0 


5.78 


12,168,000 


0.28 


6*03 


0.56 


8,500 


5.85 


12,240,000 


0.29 


BM 


(K57 


8,550 


5,92 


12,312,000 


0,29 


6.10 


a5S 


8,600 


5.99 


12,384,000 


0.29 


a 13 


0.59 


8,650 


6.06 


12,456,000 


0.30 


6.17 


0.59 


8,700 


6.13 


13,628,000 


0,30 


6.21 


0.60 


8,750 


6.20 


12,600,000 


0.30 


BM 


0.61 


8,800 


6.27 


12,672,000 


0,31 


6.Sd 


0.61 


8,850 


6.34 


12,744,000 


0.31 


6.31 


0.62 


6,900 


6.^ 


12,810,000 


0.31 


6.35 


0.63 


8,950 


6.49 


12,888,000 


0.33 


6.38 


0.63 


9,000 


6.56 


12,900,000 


0.32 


6.42 


0.64 


9,050 


6.63 


13,032,000 


0.32 


6.45 


0.65 


9,100 


6.71 


13,104,000 


0.33 


6.49 


0.65 


9,150 


6.78 


13,176,000 


0.33 


6.52 


0.66 


9,200 


6.86 


13,248,000 


0.33 


6.66 


0.67 


9,250 


6.93 


13,320,000 


0,34 


G.eo 


0.68 


9,300 


7.01 


13,392,000 


0.34 


6.63 


0,08 


9,350 


7.08 


13,464,000 


0.35 


6.67 


0.6l> 


9,400 


7.16 


13,536,000 


0.35 


6.70 


0.70 


9,450 


7.23 


13,608,000 


0.35 


6.74 


0.71 


9,500 


7.31 


13,680,000 


0.36 


6.77 


0.71 


9,550 


7.39 


13,752,000 


0.36 


&81 J 


0.72 


9,<WK* 


^ 7.47 


13,8a4,00il 


aJ6 
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DIAHETEB THIBTT INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 
Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
In U. 8. 
Gallons 

Minute. 


liOflS of 

Head in 
Ft. due to 
Friction, 

l(^Ft. 


Discharge 
in U. 8. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 

toihe 
Oiificeof 

Inflnx. 


0.05 


0.00 


100 


0.00 


144,000 


0.00 


0.09 


0.00 


200 


0.00 


288,000 


0.00 


0.14 


0.00 


300 


0.01 


432,000 


0.00 


0.18 


0.00 


400 


0.01 


576,000 


0.00 


0.23 


0.00 


500 


0.01 


720,000 


0.00 


0.27 


0.00 


600 


0.02 


864,000 


0.00 


0.32 


0.00 


700 


0.02 


1,008,000 


0.00 


0.36 


0.00 


800 


0.02 


1,152,000 


0.00 


0.41 


0.00 


900 


0.02 


l,296-,000 


0.00 


0.45 


0.00 


1,000 


0.03 


1,440,000 


0.00 


0.50 


0.00 


1,100 


0.03 


1,584,000 


0.00 


0.54 


0.00 


1,200 


0.04 


1,728,000 


0.00 


0.59 


0.01 


1,300 


0.04 


1,872,000 


0.00 


0.64 


0.01 


1,400 


0.05 


2,016,000 


0.00 


0.68 


0.01 


1,500 


0.06 


2,160,000 


0.00 


0.73 


0.01 


1,600 


0.07 


2,304,000 


0.00 


0.77 


0.01 


1,700 


0.08 


2,448,000 


0.00 


0.82 


0.01 


1,800 


0.09 


2,592,000 


0.01 


0.86 


0.01 


1,900 


0.10 


2,736,000 


0.01 


0.91 


0.01 


2,000 


0.11 


2,880,000 


0,01 


0.95 


0.01 


2,100 


0.12 


3,024,000 


0.01 


1.00 


0.02 


2,200 


0.13 


3,168,000 


0.01 


1.04 


0.02 


2,300 


0.14 


3,312,000 


0.01 


1.^ 


0.02 


2,400 


0.15 


3,456,000 


0.01 
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DIAMETES t hik TY DTOH. 



Mean 
Velocity 
of Water 

In Ft. 

per 
Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U.S. 
OaUons 

M^ute. 


Loss of 
Head in 
Ft. due to 
Friction. 

per 
lOUOFt. 


Discharge 
inU. 8. 
Gallons 

24 Houis. 


Loss of 
Head in 
Ft. due 

to the 
Oi-ificeof 

Influx. 


1.13 


0.02 


2,500 


0.16 


3,600,000 


0.01 


1.18 


0.02 


2,600 


0.18 


3,744,000 


0.01 


1.23 


0.02 


2,700 


0.19 


3,888,000 


0.01 


1.27 


0.03 


2,800 


0.21 


4,032,000 


0.01 


1.32 


0.03 


2,900 


0.22 


4,176,000 


0.01 


1.36 


0.03 


3,000 


0.24 


4,320,000 


0.01 


1.41 


0.03 


3,100 


0.25 


4,464,000 


0.02 


1.45 


0.03 


3,200 


0.27 


4,608,000 


0.02 


1.60 


0.03 


3,300 


0.29 


4,752,000 


0.02 


1.54 


0.04 


3,400 


0.30 


4,896,000 


0.02 


1.59 


0.04 


3,500 


0.32 


5,040,000 


0.02 


1.63 


0.04 


3,600 


0.34 


5,184,000 


0.02 


1.68 


0.04 


3,700 


0.36 


5,328,000 


0.02 


1.72 


0.05 


3,800 


0.38 


5,472,000 


0.02 


1.77 


0.05 


3,900 


0.40 


5,616,000 


0.02 


1.82 


0.05 


4,000 


0.42 


5,760,000 


0.03 


1.86 


0.05 


4,100 


0.44 


5,904,000 


0.03 


1.91 


0.06 


4,200 


0.46 


6,048,000 


0.03 


1.95 


0.06 


4,300 


0.49 


6,192,000 


0.03 


2.00 


0.06 


4,400 


0.51 


6,336,000 


0.03 


2.04 


0.06 


4,500 


0.53 


6,480,000 


0.03 


2.09 


0.07 


4,600 


0.56 


6,624,000 


0.03 


2.13 


0.07 


4,700 


0.58 


6,768,000 


0.04 


2.18 


0.07 


4,800 


0.61 


6,912,000 


0.04 



FRICTION OP WATER IN CAST-IRON PIPES. 143 



DIAMETEE THIETT nrOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

Minute. 


Head in 
Ft. due to 
Friction, 

lOWFt. 


Discharge 
in U.S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Laflux. 


2.22 


0.08 


4,900 


0.63 


7,056,000 


0.04 


2.27 


0.08 


5,000 


0.66 


7,200,000 


0.04 


2.31 


0.08 


5,100 


0.69 


7,344,000 


0.04 


2.36 


0.09 


5,200 


0.71 


7,488,000 


0.04 


2.41 


0.09 


5,300 


0.74 


7,632,000 


0.05 


2.45 


0.09 


5,400 


0.77 


7,776,000 


0.05 


2.50 


0.10 


5,500 


0.80 


7,920,000 


0.05 


2.54 


0.10 


5,600 


0.83 


8,064,000 


0.05 


2.59 


0.10 


5,700 


0.86 


8,208,000 


0.05 


2.63 


0.11 


5,800 


0.89 


8,352,000 


0.05 


2.68 


0.11 


5,900 


0.92 


8,496,000 


0.06 


2.72 


0.12 


6,000 


0.95 


8,640,000 


0.06 


2.77 


0.12 


6,100 


0.98 


8,784,000 


0.06 


2.81 


0.12 


6,200 


1.01 


8,928,000 


0.06 


2.86 


0.13 


6,300 


1.05 


9,072,000 


0.06 


2.90 


0.13 


6,400 


1.08 


9,216,000 


0.07 


2.95 


0.14 


6,500 


1.11 


9,360,000 


0.07 


3.00 


0.14 


6,600 


1.15 


9,504,000 


0.07 


3.04 


0.14 


6,700 


1.18 


9,648,000 


0.07 


3.09 


0.15 


6,800 


1.22 


9,792,000 


0.07 


3.13 


0.15 


6,900 


1.25 


9,936,000 


0.08 


3.18 


0.16 


7,000 


1.29 


10,080,000 


0.08 


3.22 


0.16 


7,100 


1.33 


10,224,000 


0.08 


3.27 


0.17 


7,200 


1.37 


10,368,000 


0.08 
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DIAMETEE THIETT DTOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 

lOWFt. 


Discharge 

inU. S. 

Oallons 

per 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


3.31 


0.17 


7,300 


1.40 


10,512,000 


0.09 


3.36 


0.18 


7,400 


1.44 


10,656,000 


0.09 


3.40 


0.18 


7,-500 


1.48 


10,800,000 


0.09 


3.45 


0.18 


7,600 


1.52 


10,944,000 


0.09 


3.49 


- 0.19 


7,700 


1.56 


11,088,000 


0.10 


3.54 


0.19 


7,800 


1.60 


11,232,000 


0.10 


3.59 


0.20 


7,900 


1.64 


11,376,000 


0.10 


3.63 


0.20 


8,000 


1.69 


11,520,000 


0.10 


3.68 


0.21 


8,100 


1.73 


11,664,000 


0.11 


3.72 


0.22 


8,200 


1.77 


11,808,000 


0.11 


3.77 


0.22 


8,300 


1.81 


11,952,000 


0.11 


3.81 


0.23 


8,400 


1.86 


12,096,000 


0.11 


3.86 


0.23 


8,500 


1.90 


12,240,000 


0.12 


3.90 


0.24 


8,600 


1.95 


12,384,000 


0.12 


3.95 


0.24 


8,700 


1.99 


12,528,000 


0.12 


3.99 


0.25 


8,800 


2.04 


12,672,000 


0.13 


4.04 


0.25 


8,900 


2.09 


12,816,000 


0.13 


4.09 


0.26 


9,000 


2.13 


12,960,000 


0.13 


4.13 


0.27 


9,100 


2.18 


13,104,000 


0.13 


4.18 


0.27 


9,200 


2.23 


13,248,000 


0.14 


4.22 


0.28 


9,300 


2.28 


13,392,000 


0.14 


4.27 


0.28 


9,400 


2.33 


13,536,000 


0.14 


4.31 


0.29 


9,500 


2.38 


13,680,000 


0.15 


4.96 


a30 


9,600 


2.43 


13,824,000 


0.15 
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DIAHETEB THIBT7 INCH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Diflchaive 
in U. 8. 
GaUons 

M^te. 


Loss of 

Head in 

Ft. due to 

Friction, 

per 

1000 Ft. 


Discharge 
in U. 8. 
GaUons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


4.40 


0.30 


9,700 


2.48 


13,968,000 


0.15 


4.45 


0.31 


9,800 


2.53 


14,112,000 


0.16 


4.49 


0.31 


9,900 


2.58 


14,256,000 


0.16 


4.54 


0.32 


10,000 


2.63 


14,400,000 


0.16 


4.58 


0.33 


10,100 


2.69 


14,544,000 


0.16 


4.63 


0.33 


10,200 


2.74 


14,688,000 


0.17 


4.68 


0.C4 


,10,300 


2.79 


14,832,00a 


0.17 


4.72 


0.35 


10,400 


2.85 


14,976,000 


0.17 


4.77 


0.35 


10,500 


2.90 


15,120,000 


0.18 


4.81 


0.36 


10,600 


2.96 


15,264,000 


0.18 


4.86 


0.37 


10,700 


3 02 


15,408,000 


0.19 


4.90 


0.37 


10,800 


3.07 


15,552,000 


0.19 


4.95 


0.38 


10,900 


3.13 


15,696,000 


0.19 


4.99 


0.39 


11,000 


3.19 


15,840,000 


0.20 


5.04 


0.39 


11,100 


3.25 


15,984,000 


0.20 


5.08 


0.40 


11,200 


3.30 


16,128,000 


0.20 


5.13 


0.41 


11,300 


3.36 


16,272,000 


0.21 


5.17 


0.42 


11,400 


3.42 


16,416,000 


0.21 


5.22 


0.42 


11,500 


3.48 


16,560,000 


0.21 


5.27 


0.43 


11,600 


3.54 


16,704,000 


0.22 


5.31 


0.44 


11,700 


3.61 


16,848,000 


0.22 


5.36 


0.45 


11,800 


3.67 


16,992,000 


0.23 


6.40 


0.45 


11,900 


3.78 


17,136,000 


as3 


5.45 


0.46 


12,000 


3.79 


17,280,000 


0.23 
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DIAMETEB THIETT IHOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U.S. 

Minute. 


T-OSROf 

Head in 
Ft. due to 
Friction, 

lO&^Ft. 


Discharge 
in U. 8. 
GaUons 

per 
24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 

TTiflnx. 


6.49 


0.47 


12,100 


3.86 


17,424,000 


0.24 


5.54 


0.48 


12,200 


3.92 


17,568,000 


0.24 


5.58 


0.48 


12,300 


3.98 


17,712,000 


0.24 


5.63 


0.49 


12,400 


4.05 


17,856,000 


0.25 


5.67 


0.50 


12,500 


4.12 


18,000,000 


0.25 


5.72 


0.51. 


12,600 


4.18 


18,144,000 


0.26 


5.76 


0.52 


12,700 


4.25 


18,288,000 


0.26 


5.81 


0.52 


12,800 


4.32 


18,432,000 


26 


5.86 


0.53 


12,900 


4.38 


18,576,000 


0.27 


5.90 


0.54 


13,000 


4.45 


18,720,000 


0.27 


5.95 


0.55 


13,100 


4.52 


18,864,000 


0.28 


5.99 


0.56 


13,200 


4.59 


19,008,000 


0.28 


6.04 


0.57 


13,300 


4.66 


19,152,000 


0.29 


6.08 


0.58 


13,400 


4.73 


19^96,000 


0.29 


6.13 


0.58 


13,500 


4.80 


19,440,000 


0.29 


6.17 


0.59 


13,600 


4.87 


19,584,000 


0.30 


6.22 


0.60 


13,700 


4.94 


19,728,000 


0.30 


6.26 


0.61 


13,800 


5.02 


19,872,000 


0.31 


6.31 


0.62 


13,900 


5.09 


20,016,000 


0.31 


6.35 


0.63 


14,000 


5.16 


20,160,000 


0.32 


6.40 


0.64 


14,100 


5.24 


20,304,000 


0.32 


6.45 


0.65 


14,200 


5.31 


20,448,000 


0.33 


6.49 


0.65 


14,300 


5.39 


20,592,000 


0.33 
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DIAMETER THTRTY^IX INOH. 



Telodty 

Cf WM^t4^ 

In Ft. 

per 
Seccn{.L 


Ft. rq- 
qnired to 

prod nee 

this 
Veiocitj* 


Dtficli&rigei . 
ju t:. H. 
Gallons 

IdLntQ. 


Hebdki 
Ft. line to 
Friction, 

lOftlFt, 


in u. a. 

aalloDA 

per 
SiHoun. 


Hettdls 

Ft. due 

to tho 

Ormceof 


0-03 


0.00 


100 


0,00 


144, 00(^ 


0,00 


o.oe 


0,00 


200 


i\m 


288 jmo 


O.OO 


0,09 


0.00 


300 


0.0<) 


133,000 


0.00 


0,13 


0,00 


400 


0.00 


576,000 


0.00 


0.16 


0.00 


600 


0,01 


720,000 


0.00 


0.19 


0,00 


600 


0,01 


664,000 


0.00 


0.22 


0.00 


700 


0,01 


1,008,000 


0.00 


0.25 


0.00 


8(K) 


0.01 


1,152,000 


0.00 


0.2B 


0-00 


900 


0.01 


l,29fi,00O 


0.00 


aaa 


0.00 


1,J00 


0.02 


1,440,000 


0.00 


0.35 


0.00 


1,100 


0.02 


1,584,000 


0.00 


0.38 


0.4H) 


1,200 


0.02 


1,728,000 


0-(H) 


0.41 


0.00 


1,300 


0.02 


1,872,000 


0.00 


0.44 


0.00 


1,400 


0.02 


2,016,000 


0.00 


0.47 


0.00 


1,500 


0.02 


2,160,000 


0,00 


0.50 


0.00 


1,600 


0.03 


2,304,000 


0.00 


0.54 


0.00 


1,700 


0.03 


2,448,000 


o.ot^ 


as7 


0.00 


1,800 


0.03 


2,592,000 


0.OO 


0,60 


0.01 


1,900 


0.04 


2,736,000 


0.00 


0.63 


0,01 


2,000 


0.04 


2,880,0(0 


0,00 


0.B6 


0,01 


2,100 


0.05 


3,024,000 


0.00 


0.39 


0,01 


2,200 


o.im 


3,108,000 


0.00 


0,72 


0.01 


2,300 


0.06 


3,312,000 


0.00 


0:76 


0.01 


2,400 


0.06 


3,456,000 


0.00 



148 PBIOnON OP WATER IN CAST-IRON PIPES. 

DIAMETEB THIETT-SIX IHOH. 



Velocity 

ofWater 

in Ft. 

p*r 

S«oand. 


Hndtti 

Ft. f*- 
quired to 
prodOiCfl 

Veliieitr. 


IHscbJirgB 
In U. B, 
GfUkmB 

pet 
Minute. 


Ueaain 
Ft. due to 
Frirtion. 


OttUcoia 
^fiouiB. 


Loaaof 
Bead in 
Ft. dufl 
totti« 
OrLfioeof 


0,79 


0.01 


2,500 


0.07 


3,600,000 


0.00 


0.83 


0.01 


2,600 


0,07 


3,744,000 


0,01 


as6 


0.01 


2.700 


0,08 


3,888,000 


0,01 


0,88 


0.01 


2,800 


0.98 


4,032,000 


0,01 


0.91 


0.01 


2,900 


0,09 


4,176,000 


0,01 


0.96 


0,01 


3,000 


0,09 


4,320,000 


0.01 


0.9B 


0.01 


3^100 


0.10 


4,464,000 


0.01 


1.01 


0.02 


3,200 


0,11 


4,608,000 


0.01 


1.(4 


0.03 


3,300 


0,11 


4,762,000 


0.01 


LOT 


0,02 


3,400 


0.12 


4,896,000 


0.01 


1.10 


0,02 


3,600 


0,13 


5,040,000 


0.01 


1.13 


0.02 


3,600 


0.14 


5,184,000 


0.01 


1.17 


0.02 


3,700 


0.14 


5,328,000 


0,01 


1.20 


0,09 


3,800 


0.15 


6,472,000 


0.01 


1.^3 


0.02 


3,900 


0,16 


5,616,000 


0,01 


1.26 


0.02 


4,000 


0.17 


6,76O,(M)0 


0.01 


1.29 


0.03 


4,100 


0.18 


5,904,000 


0,01 


1.32 


0.03 


4,200 


0.19 


6^048^000 


aoi 


1.36 


0.03 


4,300 


0.19 


fi, 192,000 


0,01 


1.39 


0.03 


4,400 


0,20 


6,336,000 


0.02 


1.42 


0.03 


4,500 


0.21 


6,480,000 


0.02 


1.45 


0.03 


4,600 


0,23 


6,624,000 


0,02 


1,48 


0.03 


4,700 


0.23 


6,768,000 


0.02 


1.51 


0,04 


4,800 


0.24 


6,912,000 


0.02 
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DIAMETEB THIBTT-SIX DTOH. 



Mean 
VelCKrJty 
(if Water 

la Ft, 

per 

SeL-ond. 


HeftdLu 
Ft, re- 
quired to 
produce 

this 
Velocity. 


DisctLarge 
in TJ. a. 
Galloua 

ptr 
Mtnute. 


He&din 
Ft. due to 
Friction, 

per 
lOOOFl. 


IHocbarge 
in U, e. 
OjaioDS 

24Hoiin. 


Loflsof 
Headim 
Ft. due 

to t1l« 

Ortfloeof 
Influx, 


1.54 


0.04 


4,900 


0.26 


7,056,000 


0.09 


1.S8 


0.04 


5,000 


0,26 


7,200,000 


0.02 


1.61 


0*04 


5,100 


0,27 


7,344,000 


0,02 


1.64 


0.04 


5,200 


0,28 


7,498,000 


0.02 


1.67 


0.04 


5,300 


0,30 


7,632,000 


0.O2 


L70 


0.05 


5,400 


0.31 


7j 776, 000 


0.02 


1.73 


0*06 


5,500 


0.32 


7,920,000 


0,02 


L77 


0.06 


B,fi00 


0.33 


8,064,000 


0.02 


IM 


0,05 


5,700 


0.34 


8,208,000 


0.03 


1.63 


"0.05 


5,800 


0.35 


8,362,000 


0.03 


L66 


0.05 


6,900 


0.37 


8,496,000 


0.03 


LBS 


0.06 


6,000 


0.38 


8,640,000 


0.03 


1.92 


o.oe 


6,100 


0,39 


8,784,000 


o.oa 


1.96 


o.oe 


6,200 


0.40 


8,928,000 


0.03 


1.99 


0.06 


6,300 


0.42 


9,072,000 


0.03 


2.03 


0.06 


6,400 


0.43 


9,216,000 


0.03 


2. as 


0,07 


6,600 


0.44 


9,360,000 


0.03 


2Jja 


0.07 


6,600 


0.46 


9,504,000 


0.03 


2.11 


0,07 


6,700 


0.47 


9,648,000 


0.04 


2.14 


0.07 


6,800 


0.49 


9,792,000 


0,04 


2.17 


0.07 


6,900 


0.50 


9,936,000 


0,04 


2,21 


o.os 


7,000 


0.62 


10,080,000 


0,04 


2.S4 


0.08 


7il00 


0.53 


10,224,000 


0.04 


2.27 


0.08 


7,200 


0,55 ' 


10,368,000 


0.04 



150 PRICnON OF WATER IN CAST-IRON PIPES. 



DIAMETEE THIBTT-SIX DTOH. 



lle«lt 

Telwltr 
OfWHter 

In Ft, 

pefT 

Second, 


Ft. r^- 

qnii-p^l lo 

prod lire 

tbiM 


Discharge 
iu V. H. 
OalloiiA 

par 
mnnte. 


LnSslof 

Hend in 
FU duf to 
Friction, 

ptrT 

low Ft. 


PlBtbarge 

in TJ. a. 

!H Honn, 


Head in 
Ft. dnti 


2 30 


0.08 


7,300 


0.56 


10,512,000 


0.04 


2,33 


0.08 


7,400 


0.58 


10,650,000 


0.04 


2.36 


0.09 


7,600 


0.59 


10,800,000 


0.04 


2.40 


0.09 


7,fiO0 


0.G1 


10,944,000 


0.05 


2,43 


0.09 


7,700 


0.62 


11,088,000 


0.05 


2.4e 


0.09 


7,800 


0.04 


11,232,000 


0.05 


2.49 


0,10 


7,900 


0,66 


11,376,000 


0,05 


2.62 


0,10 


8,000 


0.G7 


11,520,000 


0.05 


2.g5 


0.10 


B,100 


0,69 


11,604,000 


0.05 


2M 


0.10 


8,200 


0.71 


11,808,000 


0.05 


2.62 


0.11 


8,300 


0,73 


11,952,000 


0.05 


2.65 


0.11 


8,400 


0.74 


12,096,000 


o.oe 


2,6fl 


0,11 


8,500 


0.76 


12,240,000 


0.06 


2.71 


0.11 


8,600 


0.78 


12,384,000 


0.06 


2.74 


0.12 


8,700 


0.80 


12,528,000 


0,06 


3.77 


0,12 


8,800 


0.82 


12,672,000 


06 


2.81 


o,ia 


8,000 


0.83 


12,816,000 


0.06 


2.84 


a 13 


9,000 


0.86 


12,960,000 


0,06 


2.87 


0.13 


9,100 


0.87 


13,104,000 


0.06 


2.90 


0.13 


9,200 


0.89 


13,248,000 


0,07 


2.93 


0.13 


' 9,300 


0.91 


13,392,000 


0.07 


2.96 


0,14 


9,400 


0.93 


13,536,000 


ao7 


2.99 j 


0.14 


9.500 




.13,680,000 


0.07 


303 1 


0J4 


9,600 


\ ^.'tJl 
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DIAMETEE THTRTT-SIX INOBL 



Mem 
Vdorfty 
of W&ter 

inn. 
per 


Ft. re- 
qqired to 
ptoducu 

tbJA 
Yelooity. 


InU. Hw 


Trf?fmof 
HeAd in 
Ft. due to 
Frlptlon, 

lOUUFt. 


Dl5cbi.rge 
iuU. B. 
aallonfl 


honot 

Hti&dln 
Ft. due 

tOtfaA 

lufinz. 


SM 


0.15 


9,700 


0.99 


13,968,000 


0,07 


3.09 


0.15 


9,800 


1,01 


14,112,000 


0.07 


9.12 


0.15 


9/JOO 


1.03 


14,256,000 


0.06 


3.15 


0.15 


10,000 


1.05 


14,400,000 


0,08 


3. IS 


0.16 


10,100 


1-07 


14,544,000 


0.08 


3,22 


0.16 


10,200 


1.10 


14,688,000 


0,0ft 


3.25 


0.16 


10,300 


L19 


14,832,000 


0.08 


S.^ 


0.17 


10,400 


1.14 


14,976,000 


0.08 


3.31 


a 17 


10,600 


1.16 


15,120,000 


0,09 


3.34 


0.17 


10,600 


1.18 


15,264,000 


0.09 


3.37 


0.18 


10,700 


1.21 


15,408,000 


0.09 


3,40 


0.18 


10,800 


1,23 


16,552,000 


0.09 


3.44 


0.18 


10,900 


1.25 


16,696,000 


0.09 


3,47 


0.19 


11,000 


1.27 


15,840,000 


0.09 


3.50 


0.19 


11,100 


1,30 


15,964,000 


0.10 


3.63 


0.19 


-11,200 


L32 


16,128,000 


0,10 


3.56 


0.20 


11,300 


1.34 


16,272,000 


0.10 


S.59 


0.20 


11,400 


1.37 


16,416,000 


0.10 


3.62 


0.20 


11,500 


1.39 


16,560,000 


0.10 


3.fte 


0.21 


11,600 


1,42 


16,704,000 


0.11 


3.69 


0.21 1 


11,700 


1.44 


16,S48,000 


11 


3.72 


0,22 


11,800 


1.47 


16,992,000 


0.11 


3.76 


0.22 


11,900 


* 1.49 


17,136,000 


0.11 


3.78 


0.22 


13,000 


1.62 


17,280,000 


0.11 



152 FRICnOX OF WATER IN CAST-IBON FIFES: 

DIAICETEB TEIErY<£0: nTOH. 



Wan 
Vifl«dty 
ofWftter 

in Ft. 

per 
BwcAd. 


Btmdin 

Ft. re- 

qnlrwl to 

Ffodtiw 

tLlt 
Velocity. 


in I", a 


Lew of 
UeAdln 
Ft.dtieto 

EllGtiOQ, 

la^Ft. 


Di^hMrg» 
in C. B. 

QlLlJOIlA 

a4Gtoiizs. 


Ujmai 
H^dim 
Ft- doe 

totba 
Orifice fil 


3.BI 


0.23 


l2,ltKl 


1.54 


17,424,000 


an 


3.B5 


0.23 


12,200 


1.57 


17,568jOOO 


0.13 


ass 


0.23 


12,300 


1.59 


17,712,000 


0.13 


a.&i 


0,24 


12,400 


162 


17,856,000 


0.13 


3.94 


0,34 


12,500 


1.64 


18,000,000 


0,13 


3,97 


0.25 


12,600 


1.67 


18,144,000 


0.12 


COO 


0.25 


12,700 


1.70 


18,288,000 


0.13 


4.03 


0.25 


12,800 


1.72 


18,432,000 


a 13 


4.07 


a26 


12,900 


L75 


18,576,000 


0.13 


4.10 


0*26 


13,000 


1.78 


18^720,000 


0.13 


4.13 


0.27 


13,100 


1.81 


18,864^000 


oas 


4.16 


0,27 


13,200 


1.83 


19,008,000 


0.14 


419 


0.27 


13,300 


1.86 


19,152,000 


au 


4.3a 


0.28 


13,400 


1.89 


19,296,000 


0.14 


4.26 


0.28 


13,500 


1.92 


19,440,000 


0.14 


439 


0,20 


13,600 


1.95 


19,584,000 


0.14 


432 


0.29 


13,700 


1.98 


19,728,000 


0.15 


435 


0.29 


ISjflOO 


2.01 


19,872,000 


a 15 


438 


0,30 


13,900 


2,03 


20,016,000 


0.15 


441 


0.30 


14,000 


2.06 


20,160,000 


a 15 


444 


0.31 


14,100 


2.09 


20,304,000 


0,16 


44S 


0.31 


14,200 


2.12 


20,446,000 


0.16 


451 


0,32 


14,300 


2.15 


20,592,000 


0.16 


454 


0.32 


14,400 


2. IB 


20,736,000 


0.16 
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DIAMETEE THTRTT-SIX IHOH. 



Mean 
VelMitj 
flf Wfttcr 

laFt, 

per 
Seconds 


Hsod in 
Ft. re- 
quired to 
profiuce 

thja 
Vel{]city, 


Discharge 
in V. H, 
(J&lhme 

pux 
Miuutfi, 


hcea of 

Head ia 

Ft. dnctg 

FrictloDp 

per 

1000 Ft. 


BlBc^arge 

m v. S 

GalloUH 

per 

34 Hflui^. 


Tintui of 
H«^ia 
Ft, OuA 
totbe 
Orifice £rf 
Influx. 


4.57 


0.32 


14,500 


2.21 


20,880,000 


0.16 


L60 


0.33 


14,600 


2.24 


21,(^24,000 


0.17 


4.63 


0.33 


14,700 


2.28 


31,168,000 


0.17 


4.66 


0,34 


14f800 


2.31 


21,312,000 


0.17 


170 


0,34 


14,900 


2,34 


21,450,000 


0.17 


4.73 


0.35 


15,000 


2.37 


21,C*0,000 


0.18 


4.76 


0.35 


15,100 


2,40 


21,744,000 


0.18 


4.79 


0.3C 


15,200 


2,43 


21,888,000 


0.18 


482 


0.30 


15,300 


2.46 


23,032,000 


0,18 


4.85 


0.37 


15,400 


2.50 


22,176,000 


0.18 


4.89 


0,37 


15,500 


2.53 


22,320,000 


0.19 


4-92 


0.38 


15,1500 


2.56 


22,464,000 


0,19 


4.% 


0.38 


16,700 


2,60 


22,608,000 


0.19 


4,98 


0.39 


15,800 


2.63 


22,752,000 


a 19 


5.01 


0.39 


15,900 


2.60 


22,890,000 


0.20 


5.04 


0.40 


ie,ooo 


2.70 


23,040,000 


0.20 


5.07 


0.40 


ICylOO 


2.73 


23,184,000 


0.20 


5.11 


0.41 


16,200 


2.76 


23,328,000 


0-20 


5,14 


0.41 


16,300 


2.80 


23,172,000 


0,21 


5.17 


0,42 


16,400 


2.83 


23,610,000 


0.21 


5.20 


42 


16,500 


2.S7 


23,760,000 


0,21 


5.23 


0.43 


10,000 


2.90 


23,904,000 


0.21 


5.26 


0.43 


16,700 


2,94 


24,048,000 


0,22 


5,30 


0.44 


16,800 


2,97 


24,192,000 


0.22 



154 FRICTION OP WATER IN CAST-IRON PIPES. 



DIAMETEE THIETY-SIX INOH. 



of wmot 
in Ft. 

Se«OQd. 


evd in 

Ft. ™- 

qtiLr«Mltd 

prodncii 

thit" 
Velodtj, 

0.44 


iaU. fck 

per 
Minute. 


J.fWliOt 

He&d In 

Ft, due to 
FrtcMon, 

POT 

lOOTFt. 


OAllonA 

P*E 


Lonof 

Ft. dUA 

toth« 
Oflflceoi 


5.3S 


16,900 


3.01 


24,336,000 


0,23 


5.36 


0.45 


17,000 


3.04 


24,480,000 


0.23 


5.3D 


0.45 


17,100 


3.08 


24,624,000 


0,23 


£.42 


0.4«S 


17,200 


3.11 


24,768,000 


0,23 


5,46 


0,46 


17,300 


3,15 


24,912,000 


0.23 


5.48 


0,47 


17,400 


3.19 


25,056,000 


0.24 


5.52 


0,47 


17,500 


3.22 


25,200,000 


0,24 


5.55 


0,48 


17,600 


3.26 


25,344,000 


0.24 


5.58 


0.48 


17,700 


3-30 


25,488,000 


0,24 


5,61 


0,49 


17,800 


3,34 


25,632,fK}0 


0.25 


5,64 


0,49 


17,900 


3.37 


25,776,000 


0,25 


5.67 


0.50 


18,000 


3.41 


25j02O,OOO 


0.25 


5,71 


0.51 


la.ioo 


3.45 


26,064,000 


0.26 


5,74 


0,51 


18,200 


3.40 


26,208,(K)0 


0.25 


6,77 


0.53 


18,300 


3.53 


26,352,000 


0.26 


5.80 


0.52 


18,400 


3.56 


26,496,0<HI 


0.26 


5.83 


0,53 


18,500 


3.60 


26,640,000 


0.27 


5,86 


0.53 


18,600 


3.04 


26,784,000 


0.27 


5.89 


0.54 


18,700 


3.GS 


26,928,000 


0.27 


5.93 


0.55 


18,800 


3.72 


27,072,000 


0.28 


5.^6 


0.55 


18j9O0 


3.76 


27,21G,0(XI 


0,28 


5.99 


0.56 


19,000 


3.fi0 


27,360,000 


0.28 


6.03 


0.5G 


19,100 


3.84 


27,604,000 


0.28 


6.05 


0.57 


19,200 


3.88 


27,648,000 


0.29 



FRICTION OF WATER IN CAST-IRON PIPES. 155 
DIAMETEE THIETY-SIX INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discbarge 
in U.S. 
Gallons 

Minute. 


Loss of 
Head in 
Ft. due to 
Friction. 

lo8?Ft. 

3.92 
3.96 
4.00 
4.04 
4.09 
4.13 
4.17 
4.21 


Discharge 
in U.S. 
OaUons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


6.08 
6.11 
6.15 
6.18 
6.21 
6.24 
6.27 
6.30 


0.58 
0.58 
0.59 
0.59 
0.60 
0.61 
0.61 
0.62 


19,300 
19,400 
19,500 
19,600 
19,700 
19,800 
19,900 
20,000 


27,792,000 
27,936,000 
28,080,000 
28,224,000 
28,368,000 
28,512,000 
28,656,000 
28,800,000 


0.29 
0.29 
0.30 
0.30 
0.30 
0.31 
0.31 
0.31 



156 FEICnON OP WATEE IN CAST-IRON PIPES. 



DIAMETEE FOBTY-EIGHT DSfOH, 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
inU. 8. 
Gallons 

Mimite. 


Loss of 

Head in 

Ft. due to 

Friction, 

per 

1000 Ft. 


Discharge 
in U.S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


0.04 


0.00 


200 


0.00 


288,000 


0.00 


0.07 


0.00 


400 


0.00 


576,000 


0.00 


0.11 


0.00 


600 


0.00 


864,000 


0.00 


O.U 


0.00 


800 


0.00 


1,152,000 


0.00 


0.18 


0.00 


1,000 


0.01 


1,440,000 


0.00 


0.21 


0.00 


1,200 


0.01 


1,728,000 


0.00 


0.25 


0.00 


1,400 


0.01 


2,016,000 


0.00 


0.28 


0.00 


1,600 


0.01 


2,304,000 


0.00 


0.32 


0.00 


1,800 


0.01 


2,692,000 


0.00 


0.35 


0.00 


2,000 


0.01 


2,880,000 


0.00 


0.39 


0.00 


2,200 


0.01 


3,168,000 


0.00 


0.43 


0.00 


2,400 


0.01 


3,456,000 


0.00 


0.46 


o.ou 


2,600 


0.02 


3,744,000 


0.00 


0.50 


0.00 


2,800 


0.02 


4,032,000 


0.00 


0.53 


0.00 


3,000 


0.02 


4,320,000 


0.00 


0.57 


0.01 


3,200 


0.03 


4,608,000 


0.00 


0.60 


0.01 


3,400 


0.03 


4,896,000 


0.00 


0.64 


0.01 


3,600 


0.03 


5,184,000 


0.00 


0.67 


0.01 


3,800 


0.04 


5,472,000 


0.00 


0.71 


0.01 


4,000 


0.04 


5,760,000 


0.00 


0.74 


0.01 


4,200 


0.04 


6,048,000 


0.00 


0.78 


01 


4,400 


0.05 


6,336,000 


0.00 


0.82 


0.01 


4,600 


0.05 


6,624,000 


0.01 


0.85 


0.01 


\ 4,S00 


1^ 0.06 


^ 6,912,000 


0.01 



FRICTION OP WATER IN CAST-IRON PIPES. 167 
DIAMETEE TOETY-EISET INCH. 



Mean 
Tolodty 
or^atsr 

in Ft. 

pfl(F 

fiecGud. 


Head iu 

qulTed to 
produce 

this 
Tdocitj-. 


Discbarge 
iu U.S. 
GaUaus 

per 
Mluuto- 


X«S5 of 
Head in 
Ft. duH to 
Friction. 

lOOOFt, 


Di&cliaiigd 
Id U. 8. 
Gallottfl 

£4U^£p. 


LOflftOrf 

HoEdin 
Ft. due 

tOttiti 

Orfflcaof 
Influx, 


0.89 


0.01 


5,000 


0.0G 


7,200,000 


0,01 


a92 


0.01 


5,200 


0.07 


7,488,000 


0,01 


0.9G 


0.01 


5,400 


0.07 


7,776,000 


0,01 


0.99 


o.oa 


6,600 


0.08 


8,064,000 


0.01 


1.03 


0.U2 


5,800 


0.08 


8,352,000 


0.01 


1.0(5 


0.02 


(i,fKK) 


0,09 


8,640,000 


0.01 


1,10 


0.02 


6,200 


0.10 


8,928,000 


0.01 


1.13 


0.02 


a, 400 


0.10 


9,216^000 


a 01 


1.17 


ao2 


6,600 


0,11 


9,504,000 


0.01 


l.ai 


0.03 


6,800 


0.11 


9,792,000 


0.01 


XM 


0.02 


7,000 


0.12 


10,080,000 


0.01 


1.28 


0.03 


7,200 


0,13 


10,368,000 


0.01 


1.31 


0.03 


7,400 


0.14 


10,G56j00O 


0,01 


1.35 


0.03 


7,600 


0.14 


10,944,000 


0,01 


1.38 


0.03 


7,800 


0,15 


11,232,000 


0.02 


1.43 


0,03 


8,0D0 


0.16 


11,520,000 


0.02 


I.*.'; 


0,03 


8,200 


0.17 


11,808,000 


0»02 


1,49 


0.03 


8,400 


0,18 


12,096,000 


0.O2 


i.m 


0.04 


8,600 


0.18 


13,384,000 


o.oa 


1,56 


0,04 


8,800 


0.19 


12,672,000 


0,02 


1.60 


0*04 


9,000 


20 


12,960,000 


0.02 


1,33 


0.04 


9,200 


0.21 


13^248,000 


0.02 


1.67 


0,04 


9,400 


0.22 


13,636,000 


0.02 


1.70 


0.06 


9,600 


0.23 


13,8*14^00a 


^ (i55fL 



158 PEICnON OF WATER IN CAST-IRON PIPES. 



DIAMETEE FOETY-EIGET INCH. 



Meui 
Velocity 

<rf Water 

ill Ft 

per 


Hud In 

Ftn- 

quired ta 

thl« 
V*iIocJty. 


Dlflcbmree 

in U. S. 

pair 
Minnie, 


IiDMar 

FL^dneto 
FrlctfDn, 

per 
1000 Ft. 


intJ. 8. 
Cfallooq 


La»af 

Hud in 
Ft, due 
totb« 

Otiftcmcrr 

TtiHtit 


1.74 


0.05 


9,800 


0.24 


14,112,000 


0.02 


1.77 


o,os 


10,000 


0,25 


14.400,000 


0,02 


1.81 


0.05 


10,200 


0.26 


14^688,000 


0.03 


1.S4 


O.OS 


10,400 


0,27 


14,976,000 


0,03 


1.68 


0.05 


lO.tJOO 


0,28 


15,264,000 


0.03 


LSI 1 


ao€ 


10,800 


Q.29 


15,552,000 


0.03 


1,95 


0.06 


11,000 


0,30 


15.840,000 


0.03 


1,1)9 


O.Ofi 


11,200 


0,31 


16,128,000 


0.03 


2,02 


0,0(1 


11,400 


0.32 


16,416,000 


0.03 


2.0(3 


0.07 


11,600 


0.33 


16,704,000 


ao3 


SL09 


0.07 


11,800 


a 35 


16,992,000 


0.03 


113 


0.07 


12,000 


0.36 


17,280,000 


0.04 


2J6 


0,07 


12,200 


0,37 


17.568,000 


0,04 


2.20 


0.0B 


12,4(K1 


0,38 


17,856,000 


0.04 


2.23 


0.08 


12, GOO 


0.39 


18,144,000 


0.04 


2,27 


0.08 


12,800 


0,41 


18,432,000 


004 


2.3U 


0,08 


la.CKX) 


0,42 


18,720,000 


0,04 


2.34 


0.09 


13,200 


0.43 


19,008,000 


0.04 


2,38 


0.09 


13,400 


0,45 


19,296,000 


0.04 


2,41 


0.00 


13,600 


0.46 


19,584,000 


0.05 


2,4.'i 


0.09 


13,800 


0,47 


19,872,000 


0.05 


2. 48 


0,10 


14,000 


0.49 


20,160,000 


0.05 


2.52 


0.10 


14,2(X) 


0.50 


20,448,000 


0,05 


2.5B 


0,10 


U,40« 


«,51 


20,736,000 


0.05 



piacnoN of wateb in cast-iron pipes. 159 
DIAMETEE POBTT-nGHT INOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U.S. 
Gallons 

Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 

per 
1000 Ft. 


Discharge 
in U. S. 
Gtallons 

24 Hours. 


Loss of 
Head in 
Ft. due 

to the 
Orifice of 

Influx. 


2.59 


0.10 


14,600 


0.53 


21,024,000 


0.05 


2.62 


0.11 


14,800 


0.54 


21,312,000 


0.05 


2.66 


0.11 


15,000 


0.56 


21,600,000 


0.06 


2.70 


0.11 


15,200 


0.57 


21,888,000 


0.06 


2.73 


0.12 


15,400 


0.59 


22,176,000 


0.06 


2.77 


0.12 


15,600 


0.60 


22,464,000 


0.06 


2.80 


0.12 


15,800 


0.62 


22,752,000 


0.06 


2.84 


0.13 


16,000 


0.64 


23,040,000 


0.06 


2.87 


0.13 


16,200 


0.65 


23,328,000 


0.06 


2.91 


0.13 


16,400 


0.67 


23,616,000 


0.07 


2.94 


0.13 


16,600 


0.68 


23,904,000 


0.07 


2.98 


0.14 


16,800 


0.70 


24,192,000 


0.07 


3.01 


0.14 


17,000 


0.72 


24,480,000 


0.07 


3.05 


0.14 


17,200 


0.73 


24,768,000 


0.07 


3.09 


0.15 


17,400 


0.75 


25,056,000 


0.07 


3.12 


0.15 


17,600 


0.77 


25,344,000 


0.08 


3.16 


0.15 


17,800 


0.79 


25,632,000 


0.08 


3.19 


0.16 


18,000 


0.80 


25,920,000 


0.08 


3.23 


0.16 


18,200 


0.82 


26,208,000 


0.08 


3.26 


0.17 


18,400 


0.84 


26,496,000 


0.08 


3.30 


0.17 


18,600 


0.86 


26,784,000 


0.09 


3.33 


0.17 


18,800 


0.88 


27,072,000 


0.09 


3.37 


0.18 


19,000 


0.90 


27,360,000 


0.09 


3.40 


0.18 


19,200 


0.91 


27,648,000 


0.09 



160 FEICnON OF WATER IK CAST-IEON PIPES. 
DIAMETEE F0ETY-EI6ET IHOH. 



1I6IID 

Valocity 
of Water 

SoQcmd, 


Head in 

irt. n^ 

qqjrod ta 

produce 

TfllfKiity. 


in 0. 8. 
ihUlous 

M^^tfl. 


LoKof 

Head Id 

Ft. duo to 

Friction p 

pep 

IDUQFt. 


inU. e. 
Gallcma 


LOMOf 

Uoadiu 
Ft. dm 
to the 

Orifice of 


3.M 


0.18 


19,400 


0.93 


27,936,000 


0.09 


3.^ 


ai& 


19,600 


0.95 


28,224,000 


0.09 


3.51 


0.19 


19,800 


0,97 


28,512,000 


0.10 


3.66 


0.20 


20,000 


0.99 


28,800,000 


0.10 


3.58 


0,20 


20,200 


1.01 


29,088,000 


0.10 


3.62 


0.20 


20,400 


1,03 


29,376.000 


0.10 


3.66 


0/2i 


20,64K) 


1.05 


29,664,000 


0,10 


a.G9 


0,21 


20,800 


1,07 


29,952,000 


0.11 


3,72 


0.22 


21,000 


1.09 


30,240,000 


0.11 


3.7ti 


0,22 


21,200 


1.12 


30,528,000 


0.11 


3.70 


0,22 


21,400 


1.14 


30,816,000 


0.11 


3,63 


0.23 


21,000 


1.16 


31,104,000 


0.12 


3.87 


0.23 


21,800 


1.18 


31,392,000 


0.12 


3,00 


0,24 


22,000 


1.20 


31,680,000 


0,12 


3.94 


0.24 


22,200 


1.22 


31,968,000 


0.13 


3,97 


0.25 


22,400 


1,25 


32,256,000 


0.12 


4.01 


0,25 


22,600 


1.27 


32,644, (KK) 


0.13 


4.04 


0,25 


22,800 


1.29 


32,832,000 


0.13 


4,0S 


0.26 


23,000 


1.31 


33,120,000 


0,13 


4*11 


0.2D 


23,200 


i.:m 


33,408,000 


0.13 


4.15 


0.27 


23,400 


1,36 


33,690,000 


0.14 


4,18 


0,27 


23,000 


i.as 


33,984,000 


0.14 


4.22 


0.28 


23,800 


1.41 


34,272,000 


0.14 


126 


0,2a 


24,000 


1.43 


34,660,000 


0,14 



FRICTION OP WATER IN CAST-IRON PIPES. 161 

DIAMETEE POETY-EIQHT INOH. 



Mean 
Telocity 
of Wattr 

In Ft. 

per 

Second, 


Htiadlu 

Ft. re- 
quired tQ 
prodncti 
tills 

Yfclocity. 


lybidiiATge 
in U, H. 
Oallonfl 

par 
MiuutH. 


Loss of 
H*.^£) in 
Ft, dufi to 
Friction^ 

per 
lOUOFt. 


'DiAch.B.TgB 

in tr. a. 

Oallotia 
24 Hauii, 


LOBBOf 

Htiad in 

Ft. dm 

totlie 

Orifleeot 


4.29 


0.29 


24200 


L45 


34^848,000 


0.14 


4.33 


0.2B 


24,4(>0 


1.48 


35,136,000 


oas 


4.36 


0.30 


24000 


1,50 


35,424,000 


0.16 


4.40 


0,30 


24 800 


1.63 


35,712,000 


0.15 


4.43 


0.31 


25,000 


L65 


30,000,000 


0.15 


447 


0.31 


25,200 


1,58 


36,288,000 


0.16 


4fiO 


0.33 


25,400 


1.60 


36,576,000 


0.16 


45* 


0.32 


25/iOO 


1.G3 


36,864,000 


0.16 


4,57 


0.33 


25, BOO 


1.65 


37,152,000 


0.16 


461 


0,33 


26,000 


1.69 


37,440,000 


0.17 


465 


0.34 


26,200 


1.7U 


37,728,000 


0.17 


468 


0.34 


26,400 


1.73 


3S, 016, 000 


0.17 


473 


0,35 


26,600 


1.76 


3^,304000 


0.17 


475 


0.36 


26,800 


L78 


38,593,000 


0.18 


4.79 


0.38 


27,000 


1.83 


38,880,000 


0,18 


482 


0.36 


27,200 


1.84 


39,1G8,<M)0 


0.18 


486 


0.37 


27,400 


1,86 


39,456,000 


0.10 


489 


0.37 


27,600 


1.89 


39,744,000 


0,19 


493 


0.38 


27,800 


1.92 


40,032,000 


0,19 


496 


0,38 


28,000 


LQ5 


40,320,000 


0,19 


5.00 


0.39 1 


28,200 


1.97 


40,608,000 


0.20 


6.04 


0.39 1 


28,400 


2.00 


40,896,000 


0.20 


6,07 


0.40 


28,600 


2.03 


41,184,000 


0.20 


6ai 


0.41 


28,800 


2,06 


41,472,000 


0.2D 



162 PEIOnON OP WATER IN CAST-IRON PIPES. 



DIAMETEE POETY-EI&HT DTOH. 



Velocity 

of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U.S. 
(iaUons 

It^ute. 


Loss of 
Head in 
Ft. due to 
Friction. 

low Ft. 


Discharge 
in U.S. 
Gallons 

24^urs. 


IXWROf 

Head in 
Ft. due 
to the 
Orifice of 
Influx. 


5.U 


0.41 


29,000 


2.09 


41,760,000 


0.21 


6.18 


0.42 


29,200 


2.12 


42,048,000 


0.21 


5.21 


0.42 


29,400 


2.14 


42,336,000 


0.21 


6.25 


0.43 


29,600 


2.17 


42,624,000 


0.22 


6.28 


0.43 


29,800 


2.20 


42,912,000 


0.22 


5.32 


0.44 


30,000 


2.23 


43,200,000 


0.22 


5.35 


0.45 


30,200 


2.26 


43,488,000 


0.23 


6.39 


0.45 


30,400 


2.29 


43,776,000 


0.23 


5.43 


0.46 


30,600 


2.32 


44,064,000 


0.23 


6.46 


0.46 


30,800 


2.35 


44,352,000 


0.23 


5.60 


0.47 


31,000 


2.38 


44,640,000 


0.24 


6.63 


0.48 


31,200 


2.42 


44,928,000 


0.24 


6.57 


0.48 


31,400 


2.45 


45,216,000 


0.24 


6.60 


0.49 


31,600 


2.48 


45,504,000 


0.25 


5.64 


0.49 


31,800 


2.51 


45,792,000 


0.25 


6.67 


0.50 


32,000 


2.54 


46,080,000 


0.25 


5.71 


0.51 


32,200 


2.57 


46,368,000 


0.26 


5.74 


0.51 


32,400 


2.60 


46,656,000 


0.26 


5.78 


0.52 


32,600 


2.64 


46,944,000 


0.26 


5.82 


0.53 


32,800 


2.67 


47,232,000 


0.27 


5.85 


0.53 


33,000 


2.70 


47,520,000 


0.27 


5.89 


0.54 


33,200 


2.74 


47,808,000 


0.27 


5.92 


0.55 


33,400 


2.77 


48,096,000 


0.28 


96 


0.55 


33,600 


2.80 


48,384,000 


0.28 
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DIAMETEB FOETT-EIGHT DIOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 



Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 



Discharge 
in U.S. 
Qallons 



Lute. 



per 
Minui 



Loss of 
Head in 
Ft. due to 
Friction. 

per 
1000 Ft. 



Discharge 
inU. a 
Gallons 

24 Hours. 



Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 



5.99 
6.03 
6.06 
6.10 
6.13' 
6.17 
6.21 



0.56 
0.56 
0.57 
0.58 
0.59 
0.59 
0.60 



33,800 
34,000 
34,200 
34,400 
34,600 
34,800 
35,000 



2.83 
2.87 
2.90 
2.94 
2.97 
3.01 
3.04 



48,672,000 
48,960,000 
49,248,000 
49,536,000 
49,824,000 
50,112,000 
50,400,000 



0.28 
0.29 
0.29 
0.29 
0.30 
0.30 
0.30 
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DTAMPiTEB SIXTT DTOE. 



Mean 
Velocity 
of Water 

in Ft. 

per 
Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. B. 
(iaUons 

SUnute. 


IX)H8 0f 

Head in 
Ft. due to 
Friction^ 

per 
1000 Ft. 


Discharge 
in U. S. 
Gallons 

24 Hours. 


Loss of 
He ad in 
Ft. due 
to the 
Orifice of 
Influx. 


0.05 


0.00 


400 


0.001 


576,000 


0.00, 


0.09 


0.00 


800 


0.002 


1,152,000 


0.00 


O.U 


0.00 


1,200 


0.003 


1,728,000 


0.00 


0.18 


0.00 


1,600 


0.004 


2,304,000 


0.00 


0.23 


0.00 


2,000 


0.006 


2,880,000 


0.00 


0.27 


0.00 


2,400 


0.008 


3,456,000 


0.00 


0.32 


0.00 


2,800 


0.010 


4,032,000 


0.00 


0.36 


0.00 


3,200 


0.010 


4,608,000 


0.00 


0.41 


0.00 


3,600 


0.010 


5,184,000 


0.00 


0.45 


0.00 


4,000 


0.013 


5,760,000 


0.00 


0.50 


0.00 


4,400 


0.016 


6,336,000 


0.00 


0.54 


0.00 


4,800 


0.019 


6,912,000 


0.00 


0.59 


0.01 


5,200 


0.022 


7,488,000 


0.00 


0.64 


0.01 


5,600 


0.025 


8,064,000 


0.00 


0.68 


0.01 


6,000 


0.029 


8,640,000 


0.00 


0.73 


0.01 


6,400 


0.033 


9,216,000 


00 


0.77 


0.01 


6,800 


0.037 


9,792,000 


0.00 


0.82 


0.01 


7,200 


0.042 


10,368,000 


0.01 


0.8G 


0.01 


7,600 


0.047 


10,944,000 


0.01 


0.91 


0.01 


8,000 


0.052 


11,520,000 


0.01 


0.95 


0.01 


8,400 


0.057 


12,096,000 


0.01 


1.00 


0.02 


8,800 


0.063 


12,672,000 


0.01 


1.04 


0.02 


9,200 


0.069 


13,248,000 


0.01 


1.09 


0.02 


9,600 


0.075 


13,824,000 


0.01 



FRICTION OF WATER IN CAST-IRON PIPES. 165 

DIAUETEB SIXTY DTOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 
Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. S. 
QaUons 

nSSte. 


Loss of 
Head in 
Ft. due to 
Friction, 

per 
1000 Ft. 


Discharge 
in U. 8. 
Gallons 

24 ^Ls. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


1.13 


0.02 


10,000 


0.081 


14,400,000 


0.01 


1.18 


0.02 


10,400 


0.088 


14,976,000 


0.01 


1.23 


0.02 


10,800 


0.094 


15,552,000 


0.01 


1.27 


0.03 


11,200 


0.102 


16,128,000 


0.01 


1.32 


0.03 


11,600 


0.109 


16,704,000 


0.01 


1.36 


0.03 


12,000 


0.117 


17,280,000 


0.01 


1.41 


0.03 


12,400 


0.124 


17,856,000 


0.02 


1.45 


0.03 


12,800 


0.133 


18,432,000 


0.02 


1.50 


0.03 


13,200 


0.141 


19,008,000 


0.02 


1.54 


0.04 


13,600 


0.150 


19,584,000 


0.02 


1.59 


0.04 


14,000 


0.159 


20,160,000 


0.02 


1.63 


0.04 


14,400 


0.168 


20,736,000 


0.02 


1.68 


0.04 


14,800 


0.177 


21,312,000 


0.02 


1.72 


0.05 


15,200 


0.187 


21,888,000 


0.02 


1.77 


0.05 


15,600 


0.197 


22,464,000 


0.02 


1.82 


0.05 


16,000 


0.207 


23,040,000 


0.03 


1.86 


0.05 


16,400 


0.218 


23,616,000 


0.03 


1.91 


0.06 


16,800 


0.229 


24,192,000 


0.03 


1.95 


0.06 


17,200 


0.240 


24,768,000 


0.03 


2.00 


0.06 


17,600 


0.251 


25,344,000 


0.03 


2.04 


0.06 


18,000 


0.262 


25,920,000 


0.03 


2.09 


0.07 


18,400 


0.274 


26,496,000 


0.03 


2.13 


0.07 


18,800 


0.286 


27,072,000 


0.04 


2.18 


0.07 


19,200 


0.298 


27,648,000 


0.04 
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DIAMETEB SIXTY IHOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Dlflcbarge 
inU.a 
Qallona 

M^ute. 


Lom of 

Head in 
Ft. dneto 
Friction, 

l(£oFt. 


Discharge 
inU.B. 
GaUons 

24Hoan. 


Low of 
Head in 
Ft. due 

to the 
Orifloeof 

TnflTiy. 


,2.22 


0.08 


19,600 


0.311 


28,224,000 


0.04 


2.27 


0.08 


20,000 


0.324 


28,800,000 


0.04 


2.31 


0.08 


20,400 


0.337 


29,376,000 


0.04 


2.36 


0.09 


20,800 


0.350 


29,952,000 


0.04 


2.41 


0.09 


21,200 


0.364 


30,528,000 


0.05 


2.45 


0.09 


21,600 


0.378 


31,104,000 


0.05 


2.50 


0.10 


22,000 


0.392 


31,680,000 


0.05 


2.54 


0.10 


22,400 


0.406 


32,256,000 


0.05 


2.59 


0.10 


22,800 


0.421 


32,832,000 


0.05 


2.63 


0.11 


23,200 


0.436 


33,408,000 


0.05 


2.68 


0.11 


23,600 


0.451 


33,984,000 


0.06 


2.72 


0.12 


24,000 


0.466 


34,560,000 


0.06 


2.77 


0.12 


24,400 


0.482 


35,136,000 


0.06 


2.81 


0.12 


24,800 


0.498 


35,712,000 


0.06 


2.86 


0.13 


25,200 


0.514 


36,288,000 


0.06 


2.90 


0.13 


25,600 


0.531 


36,864,000 


0.07 


2.95 


0.14 


26,000 


0.547 


37,440,000 


0.07 


3.00 


0.14 


26,400 


0.564 


38,016,000 


0.07 


3.04 


0.14 


26,800 


0.582 


38,592,000 


0.07 


3.09 


0.15 


27,200 


0.599 


39,168,000 


0.07 


3.13 


0.15 


27,600 


0.617 


37,744,000 


0.08 


3.18 


0.16 


28,000 


0.635 


40,320,000 


0.08 


3.22 


0.16 


28,400 


0.653 


40,896,000 


0.08 


a. 27 


0.17 


28,800 


0.672 


41,472,000 


0.08 
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DIAHETEB SIXTT DTOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

M^Tute. 


liOSSOf 

Head in 
Ft. due to 
Friction, 

lO^Ft. 


Discharge 
in U. 8. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


3.31 


0.17 


29,200 


0.690 


42,048,000 


0.09* 


3.36 


0.18 


29,600 


0.709 


42,624,000 


0.09 


3.40 


0.18 


30,000 


0.729 


43,200,000 


0.09 


3.45 


0.18 


30,400 


0.748 


43,776,000 


0.09 


3.49 


0.19 


30,800 


0.768 


44,352,000 


0.10 


3.54 


0.19 


31,200 


0.788 


44,928,000 


0.10 


3.69 


0.20 


31,600 


0.809 


45,504,000 


0.10 


3.63 


0.20 


32,000 


0.829 


46,080,000 


0.10 


3.68 


0.21 


32,400 


0.850 


46,656,000 


0.11 


3.72 


0.22 


32,800 


0.871 


47,232,000 


0.11 


3.77 


0.22 


33,200 


0.892 


47,808,000 


0.11 


3.81 


0.23 


33,600 


0.914 


48,384,000 


0.11 


3.86 


0.23 


34.000 


0.936 


48,960,000 


0.12 


3.90 


0.24 


34,400 


0.958 


49,536,000 


0.12 


3.95 


0.24 


34,800 


0.981 


50,112,000 


0.12 


3.99 


0.25 


35,200 


1.003 


50,688,000 


0.12 


4.04 


0.25 


35,600 


1.026 


51,264,000 


0.13 


4.08 


0.26 


36,000 


1.049 


51,840,000 


0.13 


4.13 


0.27 


36,400 


1.073 


52,416,000 


0.13 


4.18 


0.27 


36,800 


1.097 


52,992,000 


0.14 


4.22 


0.28 


37,200 


1.120 


53,568,000 


0.14 


4.27 


0.28 


37,600 


1.145 


54,144,000 


0.14 


4.31 


0.29 


38,000 


1.169 


54,720,000 


0.14 


4.86 


0.30 


38,400 


1.194 


55,296,000 


, Q.UL 



168 FRICTION OF V^TATER IN CAST-IRON PIPES. 



DIAMETER SIXTT DTOH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

mnute. 


Loss of 
Head in 
Ft. due to 
Friction, 

lOWFt. 


Discharge 
in U.S. 
Gallons 

24 Hours. 


Loss of 
Head in 
Ft. due 
to the 
Orifice of 
Influx. 


4.40 


0.30 


38,800 


1.219 


55,872,000 


0.15 


4.45 


0.31 


39,200 


1.244 


56,448,000 


0.16 


4.49 


0.31 


39,600 


1.270 


57,024,000 


0.16 


4.54 


0.32 


40,000 


1.296 


57,600,000 


0.16 


4.58 


0.33 


40,400 


1.322 


58,176,000 


0.16 


4.63 


0.33 


40,800 


1.348 


58,752,000 


0.17 


4.68 


0.34 


41,200 


1.374 


59,328,000 


0.17 


4.72 


0.35 


41,600 


1.401 


59,904,000 


0.17 


4.77 


0.35 


42,000 


1.428 


60,480,000 


0.18 


4.81 


0.36 


42,400 


1.456 


61,056,000 


0.18 


4.86 


0.37 


42,800 


1.483 


61,632,000 


0.19 


4.90 


0.37 


43,200 


1.511 


62,208,000 


0.19 


4.95 


0.38 


43,600 


1.539 


62,784,000 


0.19 


4.99 


0.39 


44,000 


1.568 


63,360,000 


0.20 


5.04 


0.39 


44,400 


1.596 


63,936,000 


0.20 


5.08 


0.40 


44,800 


1.625 


64,512,000 


0.20 


5.13 


0.41 


45,200 


1.654 


65,088,000 


0.21 


5.17 


0.42 


45,600 


1.684 


65,664,000 


0.21 


5.22 


0.42 


46,000 


1.713 


66,240,000 


0.21 


5.27 


0.43 


46,400 


1.743 


66,816,000 


0.22 


5.31 


0.44 


46,800 


1.773 


67,392,000 


0.22 


5.36 


0.45 


47,200 


1.804 


67,968,000 


0.23 


5.40 


0.45 


47,600 


1.835 


68,544,000 


0.23 


5.45 1 


0.46 


48,000 


\ i.%e»^ 


^^9,120,000 


0.23 
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DTAMT.TEB SIXTT INCH. 



Mean 
Velocity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Discharge 
in U. 8. 
Gallons 

per 
Minute. 


Loss of 
Head in 
Ft. due to 
Friction, 

per 
1000 Ft. 


Discharge 
in U. 8. 
Gallons 

24 Hours. 


LOOBOf 

Head in 

Ft. due 

to the 

Orifice of 

Influx. ■ 


5.49 


0.47 


48,400 


1.897 


69,696,000 


0.24 


5.54 


0.48 


48,800 


1.928 


70,272,000 


0.24 


5.58 


0.48 


49,200 


1.960 


70,848,000 


0.24 


5.63 


0.49 


49,600 


1.992 


71,424,000 


0.26 


5.67 


0.50 


50,000 


2.024 


72,000,000 


0.25 


5.72 


0.51 


50,400 


2.057 


72,576,000 


0.26 


5.76 


0.52 


50,800 


2.090 


73,152,000 


0.26 


5.81 


0.52 


51,200 


2.123 


73,728,000 


0.26 


5.86 


0.53 


51,600 


2.156 


74,304,000 


0.27 


5.90 


0.54 


52,000 


2.189 


74,880,000 


0.27 


5.95 


0.55 


52,400 


2.223 


75,456,000 


0.28 


5.99 


0.56 


52,800 


2.257 


76,032,000 


0.28 


6.04 


0.57 


53,200 


2.292 


76,608,000 


0.29 


6.08 


0.58 


53,600 


2.326 


77,184,000 


0.29 


6.13 


0.58 


54,000 


2.361 


77,760,000 


0.29 


6.17 


0.59 


54,400 


2.396 


78,336,000 


0.30 


6.22 


0.60 


54.800 


2.432 


78,912,000 


0.3G 


6.26 


0.61 


55,200 


2.467 


79,488,000 


0.31 


6.31 


0.62 


55,600 


2.503 


80,064,000 


0.31 


6.35 


0.63 


56,000 


2.539 


80,640,000 


0.32 


6.40 


0.64 


56,400 


2.576 


81,216,000 


0.39 


6.45 


0.65 


56,800 


2.612 


81,792,000 





6.49 


0.65 


57,200 


2.649 


82,368,000 


( 


6.54 


0.66 


57,600 


2.68G 


^fti,^<^^,<;^ 


\' 



17U FBICTION OF WATEE IN CAST-IEON PIPES. 
DIAHETEB 8IXTT IHOH. 



Mean 
Velaity 
of Water 

in Ft. 

per 

Second. 


Head in 
Ft. re- 
quired to 
produce 

this 
Velocity. 


Disobarge 
in U.S. 
Gallons 

MtoSte. 


TKifwof 

Head in 

Ft. due to 

Friction, 

per 

lOUOFt. 


DiscliarKe 
in U.S. 
Gallons 

24 Sours. 


T.om of 
Head in 
Ft. due 
to the 
Orifice of 


6.58 


0.67 


58,000 


2.724 


83,520,000 


0.34 


6.63 


0.68 


58,400 


2.762 


84,096,000 


0.34 


6.67 


0.69 


58,800 


2.799 


84,672,000 


0.35 


6.72 


0.70 


59,200 


2.838 


85,248,000 


0.35 


6.76 


0.71 


59,600 


2.876 


85,824,000 


0.36 


6.81 


0.72 


60,000 


2.915 


86,400,000 


0.36 


6.85 


0.73 


60,400 


2.954 


86,976,000 


0.37 


6.90 


0.74 


60,800 


2.993 


87,552,000 


0.37 


6.94 


0.75 


61,200 


3.033 


88,128,000 


0.38 


6.99 


0.76 


61,600 


3.072 


88,704,000 


0.38 


7.04 


0.77 


62,000 


3.112 


89,280,000 


0.39 


7.08 


0.78 


62,400 


3.153 


89,856,000 


0.39 


7.13 


0.79 


62,800 


3.193 


90,432,000 


0.40 


7.17 


0.80 


63,200 


3.234 


91,008,000 


0.40 


7.22 


0.81 


63,600 


3.275 


91,584,000 


0.41 


7.26 


0.82 


64,000 


3.317 


92,160,000 


0.41 


7.31 


0.83 


64,400 


3.358 


92,736,000 


0.42 


7.35 


0.84 


64,800 


3.400 


93,312,000 


0.42 



Supplementary Table A, of Theoretical Velocities, to be Used In Obtain* 

ing Results Beyond the Highest Limits of Table No. 2. 

(2g=64.4.) 





pi 




eti 




t)S 




tf» 


V 




V 




p 




^ 






!^ 




3p 




2ff 




a? 


ft,Ofl 


,B7 


S.10 


i.oa 


13.2 


2.7 


26,0 


10.5 


6,11 


-SS 


8.18 


1,04 , 


13.4 


2,8 


2S.6 


11.0 


0.17 


.50 


8.06 


1.06 


13,7 


a,9 


27,2 


11,3 


6.32 


,60 


9.M 


108 


13.9 


3,0 


27,8 


12,0 


A. 2a 


.61 


8.41 


1.10 


14.1 


3,1 


28,1 


12.5 


tM 


,65! 


. B.19 


1,12 


11.6 


3.2 


2B.9 


13.0 
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